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Abstract 
An investigation was conducted to identify factors associated with traffic accident 
involvement and traffic casualty involvement of road users in Scotland. This was 
done to determine to what extent accident and casualty involvement are related, and 
so assist policy-makers in the allocation of scarce resources. Traffic accident 
involvement was identified for Scottish-resident vehicle drivers. Traffic casualty 
involvement was identified for vulnerable road users, particularly child pedestrians. 
Traffic accident rates were determined from information provided by approximately 
one thousand Scottish-resident drivers who completed an extensive questionnaire on 
driving behaviours. Their personal characteristics, socio-demographic data, and 
information on attitudes to road safety issues, were also provided. This broad 
investigation revealed that traffic accident involvement was found to be associated 
with personal characteristics, driving behaviour, and attitudes to road safety issues. 
There is no evidence of any area effect on accident involvement of Scottish drivers, 
in terms of the administrative area in which they live, the relative level of 
affluence/deprivation of the area, or the population density of the area. 
A detailed statistical analysis of STATS19 traffic accident data was conducted to 
determine casualty rates for different groups of road user in Lothian, Scotland, for 
the years 1991-97. This involved the development of a unique index of multiple 
deprivation suitable for both urban and rural areas. Traffic casualty rates were found 
to be positively associated with the level of deprivation and the population density at 
postcode sector level. Analysis of injury-accident data identified that personal 
characteristics are also associated with casualty involvement for children aged 0-15 
years old. As with accident involvement, the influence of behavioural and attitudinal 
factors on casualty involvement needs to be examined. 
A significant finding from this study is that traffic accident risk and traffic casualty 
risk are not associated with the same factors. Place of residence is significant in 
determining casualty risk, but has no significant effect on accident risk. Implications 
from this research are discussed and suitable recommendations are made. 
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Defmitions 
DEFINITIONS 
The following definitions are based on this provided by the Department of the 
Environment, Transport and the Regions in Road Accidents Great Britain: 1999 The 
Casualty Report, and by the Scottish Executive in Road Accidents Scotland 1999. 
Accident - Involves personal injury occurring on the public highway (including 
footways) in which at least one road vehicle or a vehicle in collision with a 
pedestrian is involved and which becomes known to the police within 30 days of 
occurrence. The vehicle need not be moving and accidents involving stationary 
vehicles and pedestrians or users are included. One accident may give rise to several 
casualties. Damage-only accidents are not included in this thesis. 
Adults - Persons aged 16 years and over (except where otherwise stated). 
Casualty -A person killed or injured in an accident. Casualties are sub-divided into 
killed (fatal injury), serious injury, and slight injury. 
Fatal injury - Human casualties who sustained injuries which caused death 
less than 30 days after the accident. 
Serious injury - An injury for which a person is detained in hospital as an 
"in-patient", or any of the following injuries whether or not they are detained 
in hospital: fractures, concussion, internal injuries, crushings, burns 
(excluding friction burns), severe cuts and lacerations, severe general shock 
requiring medical treatment and injuries causing death 30 or more days after 
the accident. 
Slight injury - An injury of a minor character such as a sprain (including 
neck whiplash injury), bruise or cut which are not judged to be severe, or 
slight shock requiring roadside attention. This definition includes injuries not 
requiring medical treatment. 
Children - Persons under 16 years of age (except where otherwise stated). 
Drivers - Persons in control of vehicles other than pedal cycles and two-wheeled 
motor vehicles. 
Passengers - Occupants of vehicles, other than the person in control, including 
pillion passengers. 
Pedestrians - Includes people riding toy cycles on the footway, people pushing 
bicycles, people pushing or pulling other vehicles or operating pedestrian-controlled 
vehicles, those leading or herding animals, occupants of prams or wheelchairs, and 
people who alight safely from vehicles and are subsequently injured. 
Chapter 1. Introduction 
Chapter 1 
Introduction 
1.1 BACKGROUND 
Road accident injuries are a leading cause of mortality and morbidity in developed 
countries (Assum, 1997; Street et al., 1999; Lu et al., 2000). In Britain, injury road 
accidents are those Road Traffic Accidents (RTAs) involving personal injury 
occurring on the public highway, in which a vehicle is involved, and which becomes 
known to the police within 30 days of its occurrence (Road Accidents Great Britain, 
2000). Every year around 3,500 people are killed in RTAs on Britain's roads and 
approximately 40,000 are seriously injured (DETR, 2000a). In total there are over 
300,000 road casualties in nearly 240,000 accidents. For lifetime exposure, the risk 
of traffic-related death for an individual living in a developed country is 1%, and 
30% for traffic-related injury (Haegi, 2002). It is estimated that the direct cost of 
road accidents in Britain involving deaths or injuries is in the region of Million a 
year. 
The Scottish Executive reported that 325 people were killed on Scotland's roads in 
2000, and that approximately 3,500 were seriously injured. There were over 20,000 
road casualties from approximately 15,000 accidents (Road Accidents Scotland, 
2001). In terms of the amount of mileage driven in different administrative areas, 
fatal and serious casualty rates tend to be relatively high in rural areas of Scotland, 
while slight severity casualty rates are relatively high in urban areas of Scotland. 
Compared to England & Wales, casualty rates per head of population in Scotland 
tend to be higher in terms of fatalities, but lower for all severities. In Scotland the 
casualty rate for road user fatalities was 14% higher than for England & Wales over 
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the period 1996-2000. Over the same period the casualty rate for all severities was 
27% lower in Scotland than for England & Wales. The costs per injury accident in 
Scotland are higher than in England & Wales due to the higher proportion of fatal 
and serious casualties per accident (Road Accidents Scotland, 1998). 
While Scotland's fatality rate for all road users is higher than that for England & 
Wales, fatality rates are relatively low in Scotland compared to other European and 
developed countries (Figure 1.1.1). In 1999, the most recent year for which data is 
available, Scotland's fatality rate for all road users was 61 per million population. 
This fatality rate is approximately 55% of the European Community average. 
Figure 1.1.1 Fatality rates for all road users, 1999 
Source: International Road Traffic and Accident Database (OECD) 
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Although fatality rates in Scotland are relatively low for all road users, the fatality 
rate for pedestrians of 17 per million population in 1999 is the same as the European 
Community average (Figure 1.1.2). In the following year in Scotland there were over 
3,500 pedestrian casualties, of whom 72 were killed. 
Figure 1.1.2 Fatality rates for pedestrians, 1999 
Source: International Road Traffic and Accident Database (OECD) 
1.1.1 Child Pedestrian Casualties 
While fatality rates in Britain are relatively low for all road users, and similar to the 
European Community average for pedestrians, child pedestrian fatality rates are a 
particular concern. In terms of exposure to accidents it has been reported that; 
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"Although Great Britain's overall safety record is very good in 
comparison with other countries, the accident rate for child 
pedestrians is higher than average for the EU countries. Other 
northern European countries, in particular, have accident 
rates per child which are substantially lower. " 
[Bly et al., 1999; p I] 
The situation in Scotland is worse than in England & Wales. Compared to England & 
Wales, the child pedestrian fatality rate in Scotland was 47% higher in 2000. Unlike 
the situation for all road user casualties, the child pedestrian casualty rate in terms of 
all severities was 8% higher in Scotland than in England & Wales in 2000. 
In Scotland in 2000 there were approximately 3,000 child casualties, 21 of whom 
were killed. While less than 50% of all child casualties were pedestrians, child 
pedestrian fatalities accounted for over 60% of child fatalities on Scotland's roads. 
While the overall record for child safety on Scotland's roads is relatively good, the 
child pedestrian record is poor compared with many European countries. 
1.1.2 Government Targets for Reducing Road Accident Casualties 
In 1987 the Government set a target of reducing road accident casualties in Britain 
by one third in 2000 compared with the 1981-85 average. This has been achieved in 
terms of reducing deaths and serious injuries. Road deaths have fallen by 39% and 
serious injuries by 45%. However, there has not been a similar decline in the number 
of accidents, or in the number of slight injuries. 
In Scotland, the total number of fatalities for all road users between the 1981-85 
average and 2000 fell by 49%, exceeding the Government's target. However, for all 
severities of casualties the 2000 total was only 25% lower. Pedestrian fatalities were 
approximately two-thirds lower in 2000 than the 1981-85 average, and for all 
severities approximately 45% lower. Child fatalities in 2000 were 70% lower than 
the 1981-85 average, and there was a reduction in all severities of child casualties 
over the period of approximately 39%. Child pedestrian fatalities were 71% lower in 
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2000 compared to the 1981-85 average and for all severities were 48% below the 
baseline figure, therefore exceeding the Government's target. 
A new set of targets was announced in March 2000 by the UK government, the 
Scottish Executive and the National Assembly for Wales. This involves a new road 
safety strategy and casualty reduction targets for 2010 (DETR, 2000a). Compared to 
the average figures of 1994-98, the targets for 2010 are: 
"a 40% reduction in the number of people killed or seriously injured in road 
accidents 
"a 50% reduction in the number of children killed or seriously injured 
"a 10% reduction in the slight casualty rate, expressed as the number of people 
slightly injured per 100 million vehicle kilometres 
1.1.3 Trends in RTA Casualties in Scotland, 1990-2000 
Over the period 1990-2000 the fall in the number of fatalities for certain relatively 
vulnerable road user groups (pedestrians, children, and child pedestrians) has been 
greater than that for all road users (Figure 1.1.3.1). 
120 -- -- 
100 
80 
All Fatalities 
60 -Pedestrian 
`ý - Children 
40 
Child 
Pedestrians 
20 
0 
1990 1992 1994 1996 1998 2000 
Year 
Figure 1.1.3.1 Number of fatalities in Scotland 1990-2000 (relative to 1990) 
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The reduction in all severity casualty numbers has also been greater for the same 
vulnerable road user groups than for all road users (Figure 1.1.3.2). However, it is 
clear that the relative reduction in all severity casualty numbers is less than fatalities 
over the same period. 
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Figure 1.1.3.2 Number of casualties (all severities) in Scotland 1990-2000 (relative to 1990) 
While the reduction in casualty numbers is encouraging, the risk of accident 
involvement or of becoming a traffic casualty is not the same for all members of 
society. Towner et al. (1993,1994) and Christie (1995a, 1995b) investigated factors 
affecting child accident and casualty involvement. Child casualty rates, particularly 
pedestrian casualty rates, are significantly higher for children living in relatively 
deprived areas compared to children living in relatively affluent areas. 
Casualty rates are higher in areas with a high proportion of rented dwellings, a low 
percentage of car ownership, and a high proportion of lone parent households 
(Abdalla, 1997). Residents from areas with fewest adults in employment have 
significantly higher road casualty rates for all road user groups except car drivers. 
Pedestrian casualty rates are significantly higher in areas with a high population 
density, and in areas with the highest percentage of residents from the lowest socio- 
economic group (SEG). 
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The issue of whether casualty rates in the most affluent areas have reduced by a 
different amount than those in the poorest areas is investigated in the thesis. 
1.1.4 Social Exclusion 
The UK Government is committed to providing a more inclusive society by tackling 
the effects of social exclusion, and the effects of road safety in communities is a key 
element of this (DETR, 2000a). Safer roads can help build stronger communities and 
improving road safety will assist in regenerating urban areas and marginalised 
communities. 
In 2000, Sarah Boyack (Minister for Transport and the Environment) highlighted the 
relationship between traffic accidents and social exclusion in Scotland when she said: 
"Scotland experiences higher child pedestrian casualty rates than 
the rest of the UK. The Scottish Executive is committed to 
reducing these numbers and to promoting social inclusion 
and equal opportunity. " 
[Scottish Executive, 2000 (News Release)] 
According to The Scottish Office (1998), social exclusion is a shorthand label for 
what can happen when individuals or areas suffer from a combination of linked 
problems such as unemployment, poor skills, low incomes, poor housing, high crime 
environments, bad health and family breakdown. While it is therefore similar to 
poverty, multiple deprivation, or social disadvantage, social exclusion itself is 
difficult to measure and interpret. The issue of social exclusion and its relationship 
with traffic accident casualties in Scotland is also examined in this thesis. 
An important aspect of social exclusion is that it is not confined to urban areas. The 
Government is aware of the problem of social exclusion in rural and island 
communities. Barriers to social inclusion for individuals within these communities 
include transport difficulties, physical distance from jobs and services, and the wider 
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issues of accessibility and isolation. Comparisons of the impacts of social exclusion 
on urban and rural areas in terms of road safety are investigated in this thesis. 
In terms of the effects of social exclusion on child casualty risk, DETR (2000a) 
concluded that children should be able to walk and cycle in safety as they need the 
freedom to use the roads for their social development. Additionally, they require a 
safe environment for exercise, and to benefit their general health and fitness. A 
child's socio-economic environment is a reliable predictor of accident liability. 
(Chapman, 1998). This is because children in lower SEGs are accompanied less 
when they are in the traffic environment, and tend to walk in more dangerous traffic 
environments than children from higher SEGs. The UK's relatively poor child 
pedestrian casualty rate may be attributable to a comparatively high proportion of the 
population living in towns and cities with older housing close to busy roads. 
While it is acknowledged that social exclusion is an important factor influencing 
child road casualty risk, White et al. (2000,2001) identified many others. Child 
development and cognition, the attributes of the urban/rural landscape such as access 
to play areas, and journey mode to and from school, are also important when 
considering accident and casualty risk. This research highlighted some of the 
problems in defining social exclusion, and accounting for different levels of exposure 
to risk experienced by children from different SEGs. These issues are investigated in 
this thesis, and a comprehensive review of the literature is reported in Chapter 4. 
1.2 RESEARCH AIMS 
The aim of this thesis is to investigate the effects of socio-economic, behavioural and 
geographic factors on road accident and casualty risk in Scotland, particularly for 
vulnerable road user groups such as child pedestrians. The specific aims are to; 
" investigate the link between multiple deprivation and road accident casualty risk 
for all road users and specific vulnerable groups, 
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" investigate the pattern of road accident casualties between urban and rural areas, 
and differences in road use behaviours of individuals from different 
administrative areas, 
" identify factors associated with differences in road accident casualty risk for child 
pedestrians, 
" model the effects of socio-economic, behavioural and geographic factors to 
predict traffic accident and casualty risk. 
1.3 RESEARCH METHODS 
The investigation involves the following research methods: 
"A review of the literature in terms of accident and casualty risk for all road users, 
"A comprehensive review of the literature in terms of accident and casualty rates 
of children living in disadvantaged areas, 
"A statistical analysis of the link between road accident casualty rates and socio- 
economic factors based on a case study of Lothian, Scotland, 
" Primary research of driver behaviours and attitudes reported by drivers across 
Scotland, 
" Qualitative research from focus groups into driver behaviours and attitudes, 
experienced by drivers from different geographic areas of Scotland, 
" Statistical modelling of factors identified from the above research to predict an 
individual's traffic accident and casualty involvement. 
1.4 STRUCTURE OF THE THESIS 
Chapter 2 is a review of the literature in terms of behavioural factors influencing 
traffic accident and casualty risk. Research linking socio-economic factors with 
casualty risk in terms of poverty and multiple deprivation is also considered. 
Geographic and environmental factors are also reviewed. A discussion is provided on 
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the importance of data considerations, particularly with respect to discrepancies that 
exist between casualty data from different sources. 
Chapter 3 is a case study of accident and casualty involvement in Lothian, Scotland, 
1991-97. This includes a detailed account of the link between police RTA records 
(STATS 19 data), and a suitable index of multiple deprivation based on data from the 
1991 Census. The multiple deprivation index was developed to take account of 
different factors associated with deprivation in urban and rural areas. The case study 
approach adopted by Abdalla (1997) has been repeated with respect to the same 
geographic area, but with an additional 5 years of STATS19 data. The results from 
this larger data set are stated, and compared to the earlier findings. This will establish 
the reliability of the original findings and, in addition, allow the identification of 
trends in accident and casualty rates over time. 
Chapter 4 is a literature review of factors associated with road accidents and children 
living in disadvantaged areas in Scotland. The Scottish Executive published the 
findings from this review of the literature in 2000. The review identifies, and reports 
on, the findings from studies into this area across the world. Also highlighted are the 
problems inherent in identifying and unravelling the numerous complex factors 
associated with accident and casualty risk. 
Chapter 5 is a statistical study of traffic accident involvement experienced by young 
and adolescent people in Britain. Comparisons of accident involvement were made 
between children living in Scotland and children living in England & Wales to 
identify how accident and casualty patterns vary by region. This study was 
commissioned by the Department of the Environment, Transport and the Regions 
(DETR) in 2000, and a report was submitted in the following year. The data analysed 
included UK-wide STATS19 data, Hospital statistics, information from the National 
Travel Survey, and additional data sources. The report identified certain factors 
linked with child and adolescent involvement in road traffic accidents. These 
include 
socio-economic, behavioural and geographic factors, and these findings are 
discussed 
in relation to the findings from the research conducted elsewhere 
in the thesis. 
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In Chapter 6 information is provided on a survey conducted across Scotland in 2000 
to determine how accident involvement and driving behaviours differ across the 
country. Information from approximately one thousand questionnaires was analysed. 
The results from the statistical analysis are produced, and the relevance of the 
findings discussed. 
Chapter 7 is a report on the qualitative information gathered from a series of three 
focus groups conducted in different geographic areas of Scotland. This research was 
done to validate information provided in the survey described in Chapter 6, and to 
provide the participants with the opportunity to discuss important issues in greater 
depth. Similarities and differences in the information recorded at the different 
locations are discussed. 
Chapter 8 is a summary of relationships identified between different factors and 
accident and casualty involvement. This information was provided in the survey 
described in Chapter 6. In terms of vehicle driver accident risk, individual regression 
models are constructed based on personal characteristics, driving characteristics, and 
area characteristics. A combined model is also identified. Predictive models of 
casualty risk have also been developed for a variety of road user groups based on 
STATS 19 data for Lothian. The suitability of these models is discussed, and 
alternative modelling strategies are explored. 
Chapter 9 is a summary of how the primary and secondary research relates to the 
wider body of knowledge. In addition, the value of the work will be established, 
particularly with regard to aiding policy-makers, some of who have already benefited 
from parts of this research. Such policy-makers include governmental bodies both in 
the UK (Scottish Executive and DETR) and abroad (US Department of Transport), 
and a non-profit making organisation (Royal Society for the Prevention of 
Accidents). Problems and limitations associated with the research will be discussed, 
and suggestions are provided on how these can be addressed in the future. 
Recommendations for future research are made. 
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Chapter 2 
Literature Review 
2.1 INTRODUCTION 
Many factors have been identified as being associated with traffic accident and 
casualty risk. Certain factors are now well established, such as the effects of age on 
driver accident risk. There is considerable debate, however, about the relevance of 
others. Much of the recent research has focussed on investigating the influence and 
interactions of multiple factors in accident and casualty risk. This has been possible 
because of ease of access to increasing amounts of traffic accident data and other 
relevant information from local and national authorities and departments. 
Despite these improved data resources it can be difficult to draw clear conclusions 
from research of accident and casualty causes. It is often the case that findings 
conflict between different studies. This is sometimes due to differences in the type of 
data being interrogated by different researchers, and the incompatibility of data 
sources used, even from within the same country. Research into traffic accident 
involvement is conducted in many countries, and the influence of contributory 
factors may vary between these countries. Similarly, definitions for different class of 
road users and casualty severities, together with age groupings, can also be 
inconsistent across national boundaries. A clearer understanding of contributory 
factors to accident and casualty risk is critical to help identify policies so that the 
burden of traffic accidents on society can be reduced. 
The influences of physical factors on accident and casualty involvement are 
acknowledged in the following section. A comprehensive review is then provided on 
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the association between behavioural, socio-economic, and geographic and 
environmental factors on accident and casualty risk. Problems associated with 
research into the causative factors of traffic accidents are then discussed, with 
particular emphasis on data considerations. 
2.2 PHYSICAL FACTORS ASSOCIATED WITH ACCIDENT AND 
CASUALTY INVOLVEMENT 
The physical environment in terms of road layout, traffic volumes, vehicle design 
and other engineering and safety factors, have a significant impact on accident and 
casualty risk (Carsten et al., 1989; Petch and Henson, 2000; Zhou and Sisopiku, 
1997). Vehicle speeds are also associated with accident involvement and the severity 
of resultant injuries (Abdel-Aty and Radwan, 2000; Aljanahi et al., 1999). The link 
between vehicle speeds and the risk and severity of accidents was investigated by 
DETR (2000a). It was reported that if a moving car hits a pedestrian the likelihood of 
being killed rises dramatically with a small increase in impact speed. The risk of 
accidents increases significantly if certain drivers drive significantly faster than the 
majority of others on the same road. Observations of vehicle speeds in Britain in 
1998 showed that almost 70% of cars exceeded the 30mph limit, and almost 30% 
exceeded the 40mph limit in free flowing traffic. 
The principle aim of this thesis is to identify behavioural, socio-economic and 
geographic factors associated with accident and casualty risk, particularly within 
Scotland. Therefore, while acknowledging the importance of the physical 
environment, road design, engineering factors, and vehicle speeds, these are beyond 
the scope of this thesis. 
This review broadly follows the aims of the thesis, in that behavioural, socio- 
economic and geographic factors are discussed. It is important to appreciate that 
practical research into road safety issues often has little control over the individual 
factors associated with accident and casualty risk. As such, much of the research 
reviewed will relate to a combination of the areas highlighted. 
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2.3 BEHAVIOURAL FACTORS 
Much of the research into factors affecting accident and casualty rates has focussed 
on behavioural factors, whether in isolation or as part of wider studies. Such studies 
tend to focus on accident or casualty involvement in terms of the age of the road user 
or their sex. The interaction between these factors has also been investigated. 
2.3.1 Age and Accident Risk 
A study conducted by Maycock et al. (1991) involved the collection of behavioural 
and other information from nearly 20,000 drivers in the UK. Statistical modelling of 
accident involvement suggests that accident liability is dependent mainly on 
exposure (total annual mileage), the driver's age, and driving experience measured as 
the number of years since passing the driving test. The results showed that all 
accident and injury accident involvements fall markedly with increasing age. As 
expected, accident involvement also falls as driving experience increases. This study 
found little to suggest that accident risk then increased for older drivers, although this 
finding is not consistent with a number of other studies (see below). Deery (1999) 
also found that young novice drivers are over-represented in road accidents. He 
argues that, compared to experienced drivers, novice drivers detect hazards less 
quickly and efficiently. Young novice drivers underestimate their risk of an accident 
in a variety of traffic situations, and they overestimate their own driving skill. Cooper 
et al. (1995) observed that there is general agreement in the literature that both age 
and driving experience correlate with aggregated accident risk for drivers. The very 
young and novice drivers have been classified as groups that are over-represented in 
traffic accidents. This is an important distinction because the former is often used as 
a surrogate for conclusions concerning the latter. The findings suggest that higher 
crash rates for novice drivers are due to higher rates of accident involvements where 
the novice driver was at fault. This is confirmed by Kim et al. (1998) who found that 
very young and very old drivers face up to three times the risk of being at fault 
compared to middle-aged drivers. Drivers under 25 years have the highest accident 
rates on a population and licence basis, but when distance travelled is taken into 
account, rates of crash involvement for the 75 or more age group are as high as the 
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youngest age group (Ryan et at., 1998). Abdel-Aty and Radwan (2000) reported that 
young and old drivers have a larger possibility of accident involvement than middle 
aged drivers when experiencing heavy traffic volume. While much of the research 
has focussed on male drivers or the genders combined, Dobson et al. (1999) found 
that young Australian women drivers have increased risk of road accidents compared 
with middle aged women drivers. 
A study into the effects of age by Abdel-Aty et al. (1998) found significant 
relationships between driver age, injury severity, and manner of collision and vehicle 
speed. Although in general young and old drivers seem to be more likely to be 
involved in traffic accidents, the results revealed that there are some situations in 
which middle-aged drivers are more likely to be involved. Accident involvement can 
differ between the age groups of drivers in terms of the types of crashes experienced. 
Duncan (1997) used loglinear modelling of Scottish accident data to identify the 
effects of age on road accident involvement. Young car drivers have more single 
vehicle accidents than expected, and more accidents in the dark. Older car drivers 
have more accidents than expected at various road junctions, whilst turning right and 
when entering a main road. Similarly, Ryan et al. (1998) found that drivers over 60 
years old were associated with turning movements. Abdel-Aty et al. (1998) found 
that older drivers have a tendency of being involved in angle and turning accidents, 
possibly due to their slower perception and reaction times. They may also lack the 
ability required to judge the speed of, and gaps between, oncoming vehicles. 
Massie et al. (1995), and Erskine (1996) found that injury severity was related to age, 
and that older drivers are more likely to be killed in traffic accidents than younger 
drivers due to the decline in their physical condition. Older people generally drive 
less than others and this is reflected in their overall lower involvement in car 
accidents. However, their injuries tend to be more serious and their chance of 
surviving an accident is much lower (DETR, 2000a). 
The issue of accident and casualty risk for vulnerable road users is a major theme of 
this thesis. Pedestrian casualties, and children in particular, tend to be over- 
represented in casualty statistics. Keall (1995) found that pedestrian children aged 
less than 10 years, and adult pedestrians aged over 70 years are more likely to be 
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injured in an accident, both in terms of roads crossed and per hour of walking than 
other age groups. It is also the case that the young and the elderly spend a greater 
proportion of their travelling time as pedestrians than do other age groups. Erskine 
(1996) notes that while the most regular drivers are most likely to be between the 
ages of 18 and 64 years old, those who are killed while walking are mostly likely to 
be outside this age group. 
Peng and Bongard (1999) report that elderly pedestrian patients in their study had the 
highest mortality rate at 27.8%, compared to 3.1% for children and 8.1% for adults. 
In addition to poor physiologic reserve, elderly pedestrians are thought to have 
slower response times and decreased ability to recognise dangerous situations while 
walking (Arnold et al., 1992). Another study also found that compared with subjects 
aged less than 30 years, subjects aged over 64 years had a significantly increased risk 
of fatal injury as pedestrians (Valent et al., 2002). 
2.3.2 Gender and Accident Risk 
The issue of gender has also been well documented in the research. While it is 
generally accepted that males are at greater risk from being involved in a traffic 
accident than females, this is not generalisable over all types of accidents and for all 
age groups. However, Maycock et al. (1991) did find that men have higher accident 
liabilities than women for all ages. For young novice drivers, nominally driving the 
same annual mileage, women would expect to have 35% fewer accidents than male 
drivers. This issue was also identified by Begg et al. (1999) who found that for young 
adults, males are significantly more likely than females to experience a motor vehicle 
accident. Interestingly, Mannering (1993) found that male drivers reduce their 
accident risk the longer they go without having an accident. However this 
does not 
apply to females whose accident risk stays reasonably constant. A general 
increase in 
the fatality rate for female drivers has been observed in the United States over the 
past 30 years. This can be explained by a significant increase in exposure in terms of 
annual mileage recorded by female drivers (Farmer, 1997). A particular situation 
where females are at greater risk than males was reported by Abdel-Aty and Radwan 
(2000). They identified that female drivers experience more accidents than male 
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drivers in heavy traffic volumes. On the other hand, male drivers have a greater 
tendency to be involved in traffic accidents while speeding. Ryan et al. (1998) found 
that female drivers had higher rates of accident involvement than males in all age 
groups based on distance driven. However, female accident rates on a population and 
licence basis were lower. Dobson et al. (1999) argue that while men tend to be over- 
represented in road accident injuries and fatalities, women drivers have a higher risk 
of sustaining serious injury. Valent et al. (2002) also found that the risk of 
involvement in fatal rather than non-fatal accidents was lower among females than 
among males. In terms of accident blame, Kim et al. (1998) report that males are 
more likely to be at fault than females. 
2.3.3 Lifestyle and Accident Risk 
Begg et al. (1999) found that very few lifestyle factors were important predictors of 
traffic accidents for young adults born in Dunedin, New Zealand. This suggests that 
focussing injury prevention efforts on changing lifestyles of young adults is unlikely 
to reduce overall accident risk. However, Smith and Heckert (1998) found a negative 
relationship between self-esteem and traffic accidents amongst college students in 
the United States. Additionally, Gregersen and Berg (1994) concluded that all young 
drivers do not have the same high accident risk. This is borne out by the findings of 
Chliaoutakis et al. (1999) that showed that there is a relationship between lifestyle 
and RTA risk for young drivers in the greater Athens area. Alcohol consumption is 
related to high traffic accident risk, whereas religiousness is related to low accident 
risk, although these lifestyles are not mutually exclusive. Alcohol consumption, 
particularly on Friday and Saturday nights, has been found to increase pedestrian 
casualty risk particularly among young males (Arnold et al., 1992). A study of 
medical risk factors amongst drivers in single car accidents in Iceland by Gislason et 
al. (1997) found that such drivers are more likely to be young, male, have a history of 
sleepiness whilst driving, and also have a history suggestive of alcoholism. Chronic 
disorders like epilepsy and diabetes were, however, not over-represented amongst the 
single car accident drivers. Kim et al. (1995) found that driver behaviours of alcohol 
or drug use and lack of seat belt use greatly increase the odds of more severe crashes 
and injuries. Philip et al. (2001) report that fatigue, especially when combined with 
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alcohol, presents a particularly high risk of road crashes resulting in death or serious 
injury, and that this issue has been largely unrecognised. 
Since the late 1970s the number of people killed in Britain in alcohol related 
accidents each year has reduced by two-thirds (DETR, 2000a). National and local 
anti drink-drive campaigns have helped to change public attitudes. Despite the 
reduction, currently one in seven road deaths in Britain is as a result of an alcohol- 
related accident. The causal relationships between drugs and driving accidents have 
not been clearly established. However, studies have shown that compared with 10 
years ago, 5 times as many people killed in road accidents have a trace of an illegal 
drug in their body. 
For car drivers in Britain, fatigue may be the principal factor in as many as 10% of 
all accidents. While fatigue can affect any driver, people driving as part of their job 
may be more at risk. Research has found that people driving company cars fall asleep 
at the wheel more often, and are more likely to be involved in accidents than private 
car drivers are. Research by DETR (2000a) indicates that in terms of mileage, 
company car drivers have accident rates over 30% higher than for other car drivers. 
Salminen and Heiskanen (1997) investigated the risk associated with being involved 
in RTAs and other types of accidents. They found that the correlations between 
different kinds of accidents were generally very low. They investigated the theory of 
accident proneness (the assumption that a person involved in one kind of accident is 
more likely to be involved in another kind of accident), but the results were generally 
inconclusive. 
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2.4 SOCIO-ECONOMIC FACTORS 
It has long been established that poverty and multiple deprivation are significant 
predictors of mortality and morbidity in the developed world, as is the case in 
Scotland (Chalmers and Capewell, 2001). While socio-economic factors have been 
found to influence traffic accident and casualty risk, the issue is not so clear cut once 
additional factors have been considered. For example, Maycock et al. (1991) found 
that the differences in accident liability between different socio-economic groups 
were relatively small once other personal factors were accounted for. However, 
young and inexperienced drivers from lower SEGs have about 15% fewer accidents 
than upper SEGs. With regard to driver accident risk, Mannering (1993) found that 
drivers from higher income households have longer durations until an accident 
(lower accident risk) than their lower income counterparts. A lower accident risk for 
those from deprived backgrounds, however, is the exception rather than the rule. For 
example, Abdalla (1997) found that, in general, casualty rates amongst residents 
from areas classified as relatively deprived were significantly higher than those from 
relatively affluent areas. This case study focussed on casualty rates in south-east 
Scotland and the same findings apply to the south-west of Scotland as well 
(Chichester et al., 1998). Erskine (1996) suggests that those who benefit least from 
motor vehicles seem disproportionately likely, given their relative exposure to risk, 
to die in road traffic accidents. Lack of access to a car is most likely amongst poorer 
households. Households of single elderly people or single parents have particularly 
low rates of car use, and single elderly people and single parents are predominantly 
women. 
With regard to educational attainment, Murray (1998) investigated the home and 
school background of young drivers in Sweden involved in traffic accidents leading 
to injury. The home background of the investigated drivers did not deviate 
significantly from the nationally representative sample in the comparison group. 
However, the school achievement and school attainment deviated more, and the 
over-representation of low-educated men and women drivers involved 
in car 
accidents could not be explained by a higher risk exposure (driving 
distances). 
Educational achievement and attainment were therefore found to be powerful 
variables explaining accident risk. Educational achievement was also 
identified as a 
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factor in pedestrian injury rates by LaScala et al. (2000). Other factors identified 
were traffic flow, population density, age composition of the local community, 
unemployment and gender. 
Petch and Henson (2000) found that there was a positive correlation between the 
proportion of no-car households in an area and the child casualty rate. There are 
substantial differences in pedestrian exposure to risk by levels of car ownership 
(Roberts et al., 1997). These differences may explain socio-economic differentials in 
pedestrian injury rates. Children in families without a car are substantially more 
likely to walk to and from school and cross a greater number of streets than children 
in car owning families. Laflamme and Diderichsen (2000) note that for most types of 
traffic injuries, mortality and morbidity are often higher among children from lower 
social positions and in more deprived socio-economic areas. In an extensive study of 
five developed countries Roberts et al. (1997) examined the extent of international 
differences in children's exposure to traffic as pedestrians or bicyclists. There are 
large international differences in the extent to which children walk and cycle. These 
findings would suggest that differences in exposure to risk may be an important 
contributor to international differences in pedestrian injury rates. Davis (1992) argues 
that road accidents form the tip of a morbidity iceberg that includes a far wider range 
of impacts on the health of the population than is generally acknowledged. He 
highlights the importance of independent mobility in the development of children, 
and facilitating the development of independence by allowing children freedoms 
when they are ready to cope with them. 
Research conducted by DETR (2000a) identified that child pedestrian casualty rates 
peak at about the age of 12, and child cyclist casualty rates at about the age of 14. 
Boys are more frequently injured than girls, and nearly a fifth of child pedestrian 
casualties occur on a school journey. Children in the lowest SEG are five times more 
likely to be killed as pedestrians than their higher SEG counterparts. A similar 
pattern has been observed for all types of accident. Children from ethnic minority 
backgrounds are over-represented in road accident statistics, although the reason for 
this is not yet clear. 
Chapter 2. Literature Review 21 
2.5 GEOGRAPHIC AND ENVIRONMENTAL FACTORS 
While most current research into traffic accident involvement is conducted in 
developed countries, Sethi and Zwi (1999) acknowledge that approximately three- 
quarters of the world's annual traffic fatalities occur in low and middle-income 
countries. The majority of fatal accidents involve pedestrians, cyclists and public 
sector vehicles rather than motor cars that predominate in wealthier societies. 
Recent research has begun to focus on the influence of 'place' on accident and 
casualty risk. It has long been suspected that accident rates on urban and rural roads 
differ, and the severity of accidents in these environments also varies. A study of 
accident data from the United States by Blatt and Furman (1998) found that the 
majority of fatal crashes occur in rural areas and that they involved rural and small- 
town residents. Rural residents were over-involved in crashes in which a child 5 
years of age and under died. Thirty-four per cent of all accidents in which a child was 
killed involved rural drivers, who represent only 17% of the population. As regards 
place of residence of drivers, young drivers in small towns and rural areas are over- 
represented in fatal crashes and this is not accounted for by differences in annual 
miles driven. 
The issue of road accidents involving tourists in Greece was investigated by Petridou 
et al. (1997) who report that one foreign visitor was discharged from hospital owing 
to injuries of any type for every 18 Greeks, while the corresponding ratio for road 
traffic accidents is close to one in three. Road traffic accidents are therefore seen as a 
major health hazard during pleasure travelling. Sharples and Fletcher (2001) reported 
that the majority of accidents caused by foreign drivers in rural Scotland arose from 
the drivers' unfamiliarity with driving on the left-hand side of the road. In a study of 
Standardised Mortality Rates (SMRs) in Europe, Shaw et al. (2000) report that the 
rates of road traffic accidents are high in remote, rural or mountainous areas in 
Greece, the Highlands of Scotland, and the Italian Dolomites. Poorer road conditions 
and excess speed are likely factors. Longer times taken to reach casualties and 
transport them to adequate medical facilities are also likely to increase fatality rates. 
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In terms of the driving environment, Broughton et al. (1999) observed that the 
majority of accidents involve failures of one or more humans to respond safely to 
road hazards. Driving in twilight or darkness increases the risk of death and serious 
injury in road accidents, particularly those involving pedestrians. In an Australian 
study Arnold et al. (1992) concluded that increased crash risk at night could partially 
be explained by poorer pedestrian conspicuity. This is also likely to be a factor in the 
relatively high fatality rates experienced by cyclists who ride in the dark (Rodgers, 
1995). However the problem of conspicuity may also exist in daylight hours (Piggott 
et al., 1994). A study of road accidents in England and Wales by Edwards (1998) 
established that accident severity decreases significantly in the rain compared with 
fine weather, while severity in fog shows geographical variation. 
Katamine and Salman (2001) report that child pedestrian casualty rates and elderly 
pedestrian casualty rates are positively associated with population density. With 
regards to distance between place of residence and location of injury accidents, Petch 
and Henson (2000) found that the majority of child pedestrian and cycle accidents 
occur within 0.5 km of the casualties' place of residence, and that 90% occur within 2 
km of place of residence. 
2.6 RESEARCH LIMITATIONS 
The findings from many of the studies cited in this chapter need to viewed with some 
caution, particularly in terms of how they relate to accident and casualty risk in 
Scotland today. Few studies are able to adequately take account of exposure to 
accident and casualty risk of individual road users, and this is critical in quantifying 
and understanding their true accident or casualty risk. Accident data tends to be 
limited in the nature of exposure experienced by road users, and often only crude 
measures of exposure can be inferred. Travel information provided by road users 
themselves may also be unreliable as the ability to quantify and accurately recall 
their travelling experiences is likely to be subject to error. This issue is discussed in 
Chapter 6. 
Chapter 2. Literature Review 23 
There are also limitations in the generalisability of findings from studies in terms of 
the driving networks in which road users travel. The legal framework at national and 
local levels are likely to influence how road users behave, and road networks 
themselves will vary according to geographic location. The influences of seasonal 
travel patterns may not exist outside relatively small geographic areas, and the 
influence of weather and other environmental conditions are also likely to be 
relatively localised. 
Another issue to consider is the level of change affecting many aspects associated 
with accident and casualty risk. What may have been a relevant finding in the past 
may not be applicable today. For example, car ownership levels in Scotland are still 
increasing at the same time that fewer journeys are being made by public transport. 
Travel patterns do not remain constant, the increased reliance of driving children to 
school being a particularly relevant example. Continual technological and 
engineering advances, in terms of vehicle design and the road network, are also 
evident. 
Many of the studies reviewed in this chapter have provided valuable information on 
important factors associated with accident and casualty risk. Certain factors have 
been found to be associated with accident or casualty risk in multiple studies and 
should be valued accordingly. Other factors may well have been of significance in 
the past, but this is no longer the case. Certain factors may still apply in other parts of 
the world, but this may not be the case in Scotland. In addition to these particular 
issues, the research already cited in this chapter needs to be considered in terms of 
the reliability and the validity of the data used in the studies. 
2.7 DATA CONSIDERATIONS 
While the scope and quality of accident and other official data has improved 
dramatically in recent years, there are often problems in matching incidents and 
individuals involved in injury accidents correctly. Techniques such as 
capture/recapture have been used to provide missing information in certain studies. 
However, they have been criticised by other researchers as not being suitable (see 
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below). Unless accurate data is available there will always be uncertainty as to the 
true nature of the relationships between certain variables and accident and casualty 
risk. Henson et al. (1999) found that in Britain, levels of reporting were low for 
children, pedal cyclists, motorcyclists and those resulting in only minor injury. A 
study in Long Beach, California identified that hospital data sources captures on 
average younger children, more Asian and Hispanic children, and fewer African- 
American children than police data sources (Dhillon et al., 2001). Aptel et al. (1999) 
compared hospital data and police records from a French overseas dependency to 
show that only 37% of non-fatal traffic injured in-patients were recorded by the 
police, and that the police overestimated the severity of the injuries. The authors used 
capture-recapture methods to estimate the total number of casualties. The deficit in 
the police records was particularly noticeable for the less severe accidents and for 
bicycle accidents. However, Jarvis et al. (2000) argue that very little can be deduced 
accurately about the scale or characteristics of an unobserved group by the use of 
mark/recapture applied to two overlapping health event registers. Dhillon et al. 
(2001) argue that for more comprehensive surveillance, resulting in more accurate 
incidence rates and more complete information, it is better to use multiple sources of 
data. 
2.8 SUMMARY 
Road traffic accident and casualty risk is very difficult to explain in terms of 
influencing factors. Many studies have established certain links, often based on just a 
few of these factors. In this thesis multiple factors are investigated based on 
information derived from a variety of sources. One of the most important sources of 
information is reliable data about the characteristics of people involved in accidents 
themselves. This is explored in the next chapter, to determine the effects of multiple 
deprivation and population density on accident and casualty rates, using a case study 
of the former Lothian Region in Scotland. 
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Chapter 3 
Accident and Casualty Involvement: 
Case Study of Lothian 
3.1 INTRODUCTION 
This chapter is based on the analysis of traffic accident data for Lothian, Scotland, 
1991-97. Accident casualty rates have been calculated for different classes of road 
users and different age groups, to quantify the effects of behavioural factors 
highlighted in the previous chapter. An investigation has also been conducted on the 
effects of multiple deprivation and population density on accident casualty rates. 
This required that a suitable index of multiple deprivation be developed to allow 
comparisons to be made between casualty rates experienced by individuals resident 
in relatively affluent and relatively deprived areas. The index also needed to be 
suitable in terms of measuring casualty risk in relatively urban and relatively rural 
areas. Comparisons of casualty rates have been examined with respect to vulnerable 
road user groups in particular, such as pedestrians and children. 
Since 1999, the place of residence of traffic casualties in Great Britain has been 
recorded by the police on STATS19 accident forms. Prior to this, postcode 
information of injury accident casualties was only recorded in the former Lothian 
region. Hence, in terms of area effects, an exploration of trends of accident and 
casualty involvement is currently only possible for residents of Lothian. 
In the following section information is provided on the accident data gathered by the 
police at the scene of an injury accident on STATS19 forms. The construction of a 
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suitable index of multiple deprivation is then described, and the way in which these 
two data sources are linked is discussed. An investigation is then conducted on 
accident casualty rates experienced by different groups of road users in Lothian. This 
is done with respect to the relative level of affluence/deprivation that exists in the 
area in which they lived. A similar investigation is conducted on the influence of 
population density on casualty risk, and the effects of the interaction between 
deprivation and population density is also explored. 
3.2 METHODOLOGY 
The methodology used in the thesis is similar to that developed by Abdalla (1997). 
He linked recorded accident data in the former Lothian region to socio-economic 
data derived from the 1991 Census. Information on population figures and socio- 
economic factors in this study was derived from the 1991 Census provided by 
Manchester Information & Associated Services (MIMAS). Digitised Boundary Data 
(DBD91) information used in this research was provided by the Economic and Social 
Research Council (ESRC) as part of the ESRC/Joint Information Systems Committee 
(JISC) funded 1991 Census Initiative. 
Place of residence of vehicle drivers and casualties were established through 
postcode data on accident forms, and this was linked to area characteristics of the 
census at Postcode Sector level. This made it possible to identify to what extent 
living in areas of different levels of affluence and deprivation affected accident and 
casualty risk. 
Lothian covers an area of 1,720 km2 to the east of Scotland's central belt. The area is 
comprised of four council areas combing densely populated urban areas, such is in 
the City of Edinburgh, and less densely populated areas, such as the rural areas to the 
south and east. The City of Edinburgh Council is effectively surrounded by the 3 
other council areas that are East, Mid and West Lothian. 
The total population of Lothian in 1991 was 726,010 of which 136,436 were children 
aged 0-15 years. Due to slight discrepancies in the area covered by the police force in 
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Lothian and Borders, the populations of the area under investigation are 724,815 and 
136,204 respectively. These figures represent over 99.8% of the total population of 
Lothian and are therefore suitable proxies for the true population of the area. 
3.2.1 Road Traffic Accident Data (STATS 19) 
Information on the circumstances relating to road accident casualties is collected by 
the police on STATS19 forms at the scene of an injury accident. The STATS19 
forms record accident, vehicle, and casualty details for all injury accidents reported 
to the police in Britain. City of Edinburgh Council supplied the accident data in this 
analysis after gaining permission from the Chief Constable of Lothian and Borders 
Police. The data was provided in electronic format and contained 3 separate data files 
as follows; 
Accident Record Attendant Circumstances 
This includes information about the accident circumstances in terms of date, 
time, location, number of vehicles, number of casualties, environmental 
conditions, road class, speed limit etc. 
Vehicle Record 
Information about the vehicles and drivers involved in each reported injury 
accident is recorded. This includes type and age of vehicles, vehicle location 
and manoeuvres at time of accident etc. Information is also provided on the 
sex and age of the driver, as well as whether a breath test had been carried out 
and the result of that test if applicable. 
Casualty Record 
A separate record is compiled for each injured person as a result of the 
accident. This includes sex, age, severity of casualty, class of casualty (driver, 
passenger, pedestrian), whether a school pupil casualty, and location/ 
movement if a pedestrian casualty. 
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These files were merged, using SPSS 10.0.5 for Windows, through the unique 
Accident Reference Number and Casualty Reference Number where applicable. 
Therefore, the individual casualty records were referenced to the accident details and 
vehicle details associated with the injury accident. Abdalla (1997) investigated risk 
in terms of STATS19 data for the years 1990-92. This study is based on STATS19 
data for the years 1991-97. 
The STATS 19 data included 2 variables unique to the Lothian and Borders police 
data. As well as collecting the details mentioned above, the police also included the 
place of residence of all vehicle drivers and casualties, in the form of the postcode of 
place of residence for those individuals normally resident within the former Lothian 
Region. Hence the total number of vehicle drivers and casualties from each postcode 
sector in the region involved in injury accidents could be determined over the period 
for which the data was made available. 
3.2.2 Multiple Deprivation Indices 
Socio-economic data for the same postcode areas as the police records was derived 
from the 1991 Census through MIDAS/MIMAS. The issue of multiple-deprivation 
has already been discussed in Chapter 2 and is also comprehensively covered by 
Abdalla (1997). In order for the relative accident and casualty rates of road users to 
be determined, based on socio-economic factors, it is necessary to assign a level of 
'affluence' or 'deprivation' to each of the study areas (Postcode Sectors). There were 
1,003 Scottish Postcode Sectors in the 1991 Census with a mean population of 4,984 
individuals per sector (Dale and Marsh, 1993). There are numerous ways of 
identifying the relative levels of affluence or poverty associated with an area and 
they are mostly based on the construction of indices of multiple socio-economic 
factors. These can be relatively straightforward such as composite z-scores of 
suitable variables such as; unemployment, overcrowding, non-car ownership and low 
social class, as utilised in the Carstairs and Morris (1991) index. The Townsend score 
is also based on four census variables associated with material deprivation 
(Townsend et al., 1988). More complex indices, such as the summation of signed 
Chi-square indicators based on the log values of Census 1991 data, Department of 
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Social Security data, UK labour market statistics, insurance company data and 
others, as produced by Gibb et al. (1998), have also been developed in recent years. 
The index constructed by Abdalla consists of 8 weighted 1991 Census variables that 
are combined to form an index of multiple deprivation for the 133 postcode sectors 
in the former Lothian Region. The census variables used were; unemployment, low 
social class, non-car ownership, overcrowding, elderly household, large households, 
permanent sickness, and children in non-earner households. Abdalla's index of 8 
census variables is similar to the Carstairs index of 4 variables (Pearson Correlation 
Coefficient = 0.932, p-value < 0.001, n =133). 
One of the principle aims of this investigation is to study in a wider context the issue 
of deprivation and casualty risk. This will be covered in an analysis of accidents 
occurring in both urban and rural areas of Scotland. As such the indicator variables 
used by Carstairs and Abdalla are not wholly appropriate. As a consequence, 
consideration had to be given to the development of an alternative index. Both 
Carstairs and Abdalla include 'non-car ownership' as one of the key socio-economic 
variables. This is not a suitable measure if the investigation is to cover both highly 
urbanised areas, such as the City of Edinburgh, and very rural areas, such as parts of 
East Lothian and other areas in Scotland. It is argued that non-car ownership in 
highly urbanised areas does not necessarily equate to poverty as the close proximity 
of services and opportunities, coupled with a choice of alternative transport modes, 
can result in car ownership not being necessary. It is also argued that car ownership 
in a very rural location does not necessarily equate with affluence. Indeed, car 
ownership is often a necessity and the only feasible means of gaining access to vital 
resources and services. The indicators chosen in the new index are; 
Unemployment (Definition used in Carstairs index) - Unemployed males aged over 
15 years old as a proportion of economically active males. 
Overcrowding (Definition used in Carstairs index) - Persons in households with 
over 1 person per room as a proportion of all persons in households. 
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Low Social Class (Definition used in Carstairs index) - Economically active heads 
of households in social class IV or V as a proportion of all persons in households. 
Children in 1-parent families - Children aged 0-15 years old in lone parent 
households as a proportion of all children aged 0-15 years old in households. 
Long-term illness - Total persons in households with limiting long-term illness as a 
proportion of all persons in households. 
Dependants in households - Dependants in households as a proportion of all 
persons in households. 
Examining these dimensions together, the Pearson correlation coefficients indicate 
relatively high intercorrelations between certain variables (Table 3.2.2.1). 
Unemp Overc LSC Children Illness Depend 
0.737 0.546 0.792 0.662 0.190 
Unemp " (0.000) (0.000) (0.000) (0.000) (0.028) 
0.637 0.639 0.650 0.374 
Overc " (0.000) (0.000) (0.000) (0.000) 
0.399 0.520 0.492 
LSC (0.000) (0.000) (0.000) 
0.525 0.029 
Children " (0.000) (0.739) 
0.335 
Illness * (0.000) 
Table 3.2.2.1 Correlations between deprivation variables 
This is a common problem associated with multiple deprivation indices and can be 
partly resolved by using Principal Components Analysis (PCA) to reduce 
multicollinearity. For example, the approach adopted by Abdalla was to use PCA to 
generate appropriate weights for each variable derived on the first Principal 
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Component (Table 3.2.2.2). The weights for Abdalla's index and the new index using 
the same procedure are; 
Abdalla's Index New Index 
Variable Weight Variable Weight 
Unemployment 0.39 Unemployment 0.47 
Low Social Class 0.16 
Non-car ownership 0.35 
Overcrowding 0.19 
Elderly households 0.05 
Large households 0.10 
Low Social Class 0.40 
Children in 1-parent families 0.41 
Overcrowding 0.47 
Long-term illness 0.43 
Dependants in households 0.24 
Permanent sickness 0.24 
Children in non-earner households 0.33 
Table 3.2.2.2 1" Principal Component weights 
It was therefore valid for Abdalla to use a weighted index as there are clear 
differences in the contributions of the individual variables to the first Principal 
Component. It is argued, however, that it is more appropriate not to use weights for 
the new index as the individual variable weights are similar, with the single 
exception being the 'Dependants in households' variable. Therefore, for ease of 
construction and interpretation the unweighted composite z-score index is used in the 
remainder of this thesis. The new index will be similar to those of Abdalla and 
Carstairs even if the individual components are different (Table 3.2.2.3). 
Abdalla Carstairs New 
0.932 0.877 
Abdalla + (0.000) (0.000) 
0.947 
Carstairs * (0.000) 
Table 3.2.2.3 Correlations between deprivation indices 
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This suggests that the new index is similar to the other two, and to Carstairs in 
particular. Both the Carstairs and the new index are composite unweighted z-scores 
and are relatively straightforward to construct and interpret. 
An additional check on the validity of the new index involved ranking all 133 
Postcode Sectors in Lothian for the 3 indices and calculating the associated 
Spearman's Rank Correlations. Spearman's rho for the new index and Abdalla's index 
is 0.900 (p-value < 0.001), and the new index and Carstairs index is 0.944 (p-value < 
0.001). 
It can also be seen from Table 3.2.2.4 that the new index is strongly associated with 
each of the individual components; 
Variable Correlation p-value 
Unemployment 0.849 < 0.001 
Low Social Class 0.773 < 0.001 
Children in 1-parent families 0.744 < 0.001 
Overcrowding 0.880 < 0.001 
Long-term illness 0.801 < 0.001 
Dependants in households 0.508 < 0.001 
Table 3.2.2.4 Correlations between new index and individual variables 
The new index is intended to remove the issue of non-car ownership as discussed 
above. This has resulted in a slight change in the distribution of the postcode sectors 
in the new index compared to those of Carstairs and Abdalla. However, the 10 most 
deprived postcode sectors and 10 most affluent postcode sectors identified by the 
new deprivation index are similar to those identified by both the Carstairs and 
Abdalla indices (Table 3.2.2.5). 
Chapter 3. Accident and Casualty Involvement: Case Study of Lothian 33 
Postcode Sector Council Population New Index 
Rank 
Carstairs 
Rank 
Abdalla 
Rank 
Most Deprived 
EH 164 Edinburgh 7520 1 1 1 
EH51 Edinburgh 4871 2 2 3 
EH4 4 Edinburgh 10572 3 3 2 
EH 113 Edinburgh 9400 4 4 4 
ML7 5 West 905 5 8 16 
EH479 West 4787 6 7 19 
EH477 West 5851 7 10 11 
EH329 East 7014 8 11 10 
E116 6 Edinburgh 3501 9 6 6 
EH470 West 6686 10 14 8 
Most Affluent 
EH 106 Edinburgh 8416 124 126 124 
EH126 Edinburgh 5094 125 124 118 
EH4 3 Edinburgh 5364 126 121 122 
EH4 6 Edinburgh 5461 127 129 129 
EH 107 Edinburgh 4143 128 130 130 
FK1 2 West 94 129 131 133 
EH278 Edinburgh 155 130 132 104 
EH309 West 113 131 123 132 
TD 135 East 204 132 133 123 
EH2 2 Edinburgh 104 133 107 64 
Table 3.2.2.5 10 most deprived and most affluent postcode sectors by New Deprivation Index 
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The 133 postcode sectors occur in 4 councils within Lothian, 
Council 
Number of 
Postcode Sectors 
% of Total 
Edinburgh 74 55.6% 
East Lothian 19 14.3% 
Midlothian 17 12.8% 
West Lothian 23 17.3% 
Total 133 100% 
Table 3.2.2.6 Postcode Sectors by Council 
When the individual postcode sectors are ranked in terms of multiple deprivation, the 
profile of the 4 councils is similar for the Abdalla and Carstairs indices (Figure 
3.2.2.1). By not including non-car ownership in the new index, the rural areas are 
classed as more deprived and the urban areas less deprived than the other indices. 
This difference in mean ranks, however, is not statistically significant (p-value > 
0.1). 
Figure 3.2.2.1 Mean rank of postcode sectors by council 
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The new index is based on all 133 postcode sectors in Lothian Region at the 1991 
Census. However, the geographic area covered by Lothian and Borders police in 
respect of accident attendance and recording is slightly different. Postcode addresses 
for drivers and casualties were not identified for 3 (non EH postcode) areas that lie 
within Lothian. The population of these areas according to the 1991 Census was 
1,203 individuals. The data set that therefore matches on both police accident data 
and census data comprises 130 postcode sectors. This includes 724,745 individuals, 
99.8% of Lothian's population according to the 1991 Census. In addition, there are 
problems identifying in which postcode sector certain individuals normally reside. 
This is because it is possible that a single postcode sector covers more than one 
district (e. g. the same postcode sector could exist in both Edinburgh and East Lothian 
by crossing the council boundaries. ) This is the case for 6 postcode sectors and as 
there is no way to identify in which of the districts the person resides these have not 
been considered in identifying the most affluent and deprived postcode sectors. 
3.3 TRAFFIC ACCIDENT RATES IN LOTHIAN 
For each year 1991-97 there were approximately 3,000 injury accidents resulting in 
slightly fewer than 4,000 traffic casualties recorded by the police in Lothian (Figure 
3.3.1). 
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Figure 3.3.1 Traffic accidents and casualties, Lothian 1991-97 
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The relatively stable accident and casualty numbers in Lothian during the 1990s goes 
against the general reduction seen in Scotland over the same period (see Section 
1.1.3). Even accounting for the increase in the population of Lothian over the period, 
accident and casualty rates per 10,000 population have not reduced significantly. 
Although the population of Lothian has increased by approximately 3% over the 
years 1991-97, the accident rate remains at approximately 40 per 10,000 population, 
and casualty rate at approximately 50 per 10,000 population per year (Figure 3.3.2). 
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Figure 3.3.2 Accident and casualty rates per 10,000 population. Lothian 1991-97 
Compared to other areas of Scotland, traffic casualty rates in Lothian are relatively 
high. In 1997, the final year covered in the statistical analysis, the Lothian casualty 
rate for all severities was approximately 51 per 10,000 population. The mean 
casualty rate for Scotland in 1997 was 44 per 10,000 population. 
There is considerable variation in annual casualty rates across the council areas in 
Scotland (Figure 3.3.3). 
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Figure 3.3.3 Casualty rates by council, 1997 (per 10,0(H) population) 
Source: Road Accidents Scotland: 1997 (Scottish Office) 
The casualty rate for Edinburgh is relatively high in terms of the Scottish average. 
West Lothian and Midlothian also exhibit higher casualty rates than for Scotland 
overall. East Lothian has a relatively low casualty rate of less than 38 per 10,000 
population per year. 
3.4 EFFECT OF MULTIPLE DEPRIVATION ON CASUALTY RATES 
Abdalla (1997) compared accident and casualty involvement based on a smaller 
geographic unit (Output Area) than the postcode sector approach taken here. This 
allowed him to accurately identify the 15% of the population residing in the most 
affluent areas, and the 15% of the population residing in the most deprived areas. As 
postcode sectors are aggregations of a number of output areas, it is not possible to 
identify exactly 15% of the population in complete postcode sectors at both ends of 
the deprivation scale. As the data set now comprises 724,745 individuals it is 
necessary to identify the most affluent and most deprived postcode sectors in which 
approximately 108,700 people reside. 
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For the most deprived postcode areas it has been necessary to increase this to 
111,030 individuals resident in 16 complete postcode sectors (15.3% of the suitable 
population). Similarly, for the most affluent areas it has been necessary to reduce this 
to 108,118 individuals resident in 22 complete postcode sectors (14.9% of the 
suitable population). As the following analysis is based on accident and casualty 
rates rather than actual counts, these discrepancies are insignificant. 
The study population of Lothian according to the 1991 Census was 724,745 with 
136,492 (18.8%) being children aged 0-15 years old. The 22 most affluent postcode 
sectors contained 108,118 persons with 19,588 (18.1%) being children aged 0-15 
years old. The 15 most deprived postcode sectors contained 111,030 persons with 
24,088 (21.7%) being children aged 0-15 years old. Children are a significantly 
higher proportion of the population in deprived areas than affluent areas (p-value < 
0.001). 
Over three-quarters of the most affluent postcode sectors identified are in Edinburgh, 
as are over half of the most deprived postcode sectors (Table 3.4.1). It is interesting 
to observe that none of the 22 most affluent postcode sectors is in East Lothian. This 
is a relatively rural area, and as such would be expected to exhibit few symptoms 
associated with the chronic deprivation associated with inner city areas. 
Affluent Deprived 
O 
Number of ° 
Number of °% 
Sectors 
ýO Sectors 
Edinburgh 17 77% 9 56% 
East Lothian 0 0% 1 6% 
Midlothian 2 9% 3 19% 
West Lothian 3 14% 3 19% 
Total 22 100% 16 100% 
Table 3.4.1 Distribution of postcode sectors by council 
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3.4.1 Casualty Rates for All Road Users 
Place of residence for casualties was only recorded by the police for individuals 
living in Lothian. During the period 1991-97 there were 21,493 Lothian resident 
casualties in 17,245 accidents. This compares with 26,503 casualties from Lothian 
and elsewhere in 20,959 accidents. 
The annual traffic casualty rate over the period 199-97 is higher for persons living in 
the most deprived areas than Lothian as a whole. It is lower for persons living in the 
most affluent areas than Lothian as a whole, as displayed in Table 3.4.1.1. 
Annual casualty 
Population Casualties rate per 10,000 
population 
Affluent 15% 108,118 2,613 34.5 
Deprived 15% 111,030 3,942 50.7 
Lothian 724,745 21,493 42.4 
Table 3.4.1.1 Lothian resident casualties, 1991-97 
Casualty rates for residents from the most affluent and deprived areas were 
calculated on an annual basis. This was done to determine if there are any significant 
trends in casualty rates over the period 1991-97 (Figure 3.4.1.1). This would also 
allow a comparison to be made of the relationship in casualty rates between affluent 
and deprived areas, to determine if casualty rates had fallen more quickly for one 
group than the other. 
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Figure 3.4.1.1 Annual casualty rates of Lothian residents (per 10,000 population) 
Based on the 1991 Census figure there are no significant trends in the three casualty 
rates over the period 1991-97. However, the population of Lothian has not remained 
static over the period and population estimates provided by the General Registrar's 
Office (Scottish Abstract of Statistics, 1992 to 1998) indicate that the mid-year 
population estimates for Lothian have increased by approximately 2.8% over the 
period. If it can be assumed that the same rate of increase has occurred in both 
deprived and affluent areas, then this correction will reduce the casualty rates in later 
years compared to those based on 1991 Census the figure. Having corrected for 
population change over the period 1991-97 there is still no evidence of any 
significant trends for each of the three groups for which casualty rates have been 
calculated. 
To identify the effects of multiple deprivation on casualty rates the odds ratios (with 
95% confidence intervals) have been computed where appropriate. This provides a 
measure of 'relative risk' associated with an individual living in a deprived area 
becoming a road traffic casualty compared to an individual living in an affluent area. 
An odds ratio of 1 indicates that individuals from affluent and deprived areas 
experience the same risk. An odds ratio greater than I indicates that an individual 
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living in a deprived area is at greater risk from becoming a road traffic casualty than 
an individual living in an affluent area. 
The odds ratio for all traffic casualties over the period 1991-97 is 1.47 (with a 95% 
confidence interval of 1.40 to 1.54). Therefore an individual is almost 50% more 
likely to have become a traffic casualty if they lived in one of the most deprived 
areas than if they lived in one of the most affluent areas. The odds ratios were 
calculated for each of the 7 years for which the data is available and are displayed in 
Figure 3.4.1.2. 
0 
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Year 
Figure 3.4.1.2 Odds ratios (and 95% CIs) of casualty risk (deprived v. affluent areas) 
There is no evidence of any significant trend in the odds ratios over time and for all 
years the value is greater than one (i. e. casualty risk is higher for people resident in 
deprived areas than affluent areas). This suggests that individuals resident in the most 
deprived areas remain at greater risk than those from the most affluent areas, and that 
this situation is likely to continue. 
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3.4.2 Casualty Rates by Mode of Travel 
The effect of multiple deprivation on casualty rates was also calculated based on the 
mode of travel of the casualty at the time they were involved in their injury accident. 
The three most common modes of travel are as a vehicle driver, as a vehicle 
passenger, and as a pedestrian. These are investigated in turn. 
Driver Casualties 
There is no significant difference in casualty rates experienced by drivers from the 
most affluent and most deprived areas of Lothian (p-value > 0.1). This confirms the 
findings of Abdalla (1997), although he acknowledges that drivers from the most 
deprived areas are likely to experience a higher casualty risk given the lower levels 
of car ownership in these areas. 
Annual casualty 
Population Casualties rate per 10,000 
population 
Affluent 15% 108,118 1,342 17.7 
Deprived 15% 111,030 1,418 18.2 
Lothian 724,745 9,587 18.9 
Table 3.4.2.1 Driver casualties (Lothian residents, 1991-97) 
There is no evidence of any significant trends in driver casualty rates over the period 
1991-97, even taking account of an increase in the population over time. This applies 
to drivers resident in the most affluent and most deprived areas, as well as for all 
residents of Lothian (Figure 3.4.2.1). 
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Figure 3.4.2.1 Annual casualty rates of Lothian Drivers (per 10,000 population) 
The odds ratio for driver casualties over the period 1991-97 is 1.03 (0.95,1.11). 
Therefore, there is no significant difference in casualty risk between drivers from the 
most affluent and most deprived areas in terms of the total number of driver 
casualties from these areas. 
The odds ratios for driver casualties were calculated for each of the 7 years for which 
the data is available and are displayed in Figure 3.4.2.2. For each of the 7 years, the 
odds ratio value of I lies between the 95% confidence intervals (Cis). This suggests 
that for each year over the period the casualty rates from these areas have been 
similar. 
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Figure 3.4.2.2 Odds ratios (and 95% CIs) of Driver casualty risk (deprived v. affluent areas) 
There is no evidence of any trend in the odds ratios over time, although this could 
change in the future if car ownership levels in relatively deprived areas increases to 
similar levels to those found in more affluent areas. This may result in an increase in 
the odds ratios, such as that seen between 1996 and 1997. 
While there is no evidence of a significant difference in driver casualty rates based 
on affluence/deprivation, the issue of exposure previously mentioned needs to be 
considered. While it is not possible to examine exposure to casualty risk based on the 
data supplied, it is possible to examine exposure in terms of traffic accident risk. 
It is necessary to establish relative exposure levels for drivers from both affluent 
areas and deprived areas. If exposure is not accounted for, any increased accident 
risk identified may simply be down to higher travel mileage, or increased time spent 
in the traffic environment. 
Correcting for exposure has been conducted using the methodology developed by 
Haight (1970,1973) which formalised an original idea put forward by Thorpe 
(1964). Thorpe's idea was based on transforming raw accident data by comparing the 
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number of single vehicle accidents with 2-vehicle accidents for each subgroup of 
drivers to determine exposure-corrected accident rates. This is a simple yet appealing 
concept. Those drivers with relatively low accident risk are likely to be involved in 
accidents involving other drivers (who may be relatively high-risk drivers) as 
opposed to driving off the road or hitting inanimate objects. Those drivers with 
relatively high accident risk however, are likely to be involved in a significant 
number of accidents where no other vehicle is involved, as well as those involving 
other drivers. 
This method lends itself to the analysis of any number of subsets of drivers, e. g. 
males and females, by age group, driving experience, or annual mileage. The data in 
Table 3.4.2.2 is the number of single and 2-vehicle injury accidents experienced by 
drivers from the most affluent and most deprived postcode sectors in Lothian over 
the study period. The postcode information of vehicle drivers is only available for the 
years 1991-96. 
Singles Doubles Total 
Affluent 15% 748 1,767 2,515 
Deprived 15% 1,194 1,806 3,000 
Lothian 7,039 12,559 19,598 
Table 3.4.2.2 Single and 2-vehicle accidents, Lothian-resident drivers 1991-96 
The following ratios are defined: 
Q=S; /S, S=ZS;, i=1,..., n 
p; = 2D; /D D=E Di, i=1,..., n 
77; = p; - a1 i=1,..., n 
where Si /S represents the proportion of all single-vehicle accidents attributed to 
driver category i, and 2D; /D represents the proportion of all 2-vehicle accidents 
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attributed to driver category i. The difference between these two proportions 
provides the exposure measure (17) defined by p, -6 as provided in Table 3.4.2.3. 
aT P 17 
Affluent 15% 0.083 0.219 0.136 
Deprived 15% 0.133 0.224 0.091 
Lothian 0.784 1.557 0.773 
Table 3.4.2.3 Relative accident risks 
The exposure of a category E; is given by the total number of accidents for that 
group. The exposure value i, is used to compute the "exposure-corrected" accident 
rates. These rates can be represented graphically to indicate the relative accident rates 
experienced in the most affluent and most deprived areas, compared to Lothian 
overall (Figure 3.4.2.3). 
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Figure 3.4.2.3 Exposure-corrected accident rates, compared to Lothian 
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From Figure 3.4.2.3 it is evident that drivers from the most deprived areas have 
higher accident risk than for Lothian overall (1.30 and 1.00 respectively), while the 
accident risk of drivers from the most affluent areas is relatively low at 0.73. While 
the overall findings suggest that Haight's method is suitable for determining relative 
accident risk for different categories of drivers, this method may be overly sensitive 
in quantifying relative accident risk. An investigation was conducted to determine 
the relative risk of accident involvement for all drivers resident in Lothian for each of 
the years 1991-96. As car-ownership levels and traffic levels have increased during 
this period, it would be expected that the proportion of single-vehicle accidents 
would decrease over time, as confirmed in Table 3.4.2.4. 
Year Singles Doubles Total 
1991 1,264 2,072 3,336 
1992 1,306 1,993 3,299 
1993 1,163 1,974 3,137 
1994 1,183 2,192 3,375 
1995 1,042 2,058 3,100 
1996 1,081 2,270 3,351 
Table 3.4.2.4 Single and 2-vehicle accidents, Lothian-resident drivers 
Applying the same methodology as above, relative accident risk for each of the years 
1991-96 is indicated in Figure 3.4.2.4. 
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Figure 3.4.2.4 Exposure-corrected accident rates, Lothian relative to 1996 
The relative accident risk is higher in the earlier years of the study, as would be 
expected. Compared to 1996, the accident risk in 1992 was over 55% higher. 
However, it is unlikely that the accident risk of Lothian resident drivers has reduced 
through behavioural factors by over 50% in 4 years. Instead, the changing driving 
environment, in terms of increased traffic levels in Lothian, is more likely to be the 
cause of an increase in the proportion of multiple-vehicle injury accidents. The 
previous analysis identified that the accident risk of drivers from the most deprived 
areas was 78% higher than drivers from the most affluent areas. However, it appears 
that this methodology is sensitive in terms of quantifying relative accident risk, and 
this figure should be treated with caution. More robust methods for calculating driver 
exposure have been suggested, although these approaches are not compatible with 
the data available in this study (Mannering, 1993, Cuthbert, 1994). Accident risk 
may well be higher for drivers from deprived areas compared to their more affluent 
counterparts, and it is essential that such a conclusion is drawn based on similar 
levels of exposure experienced by these groups. If drivers from deprived and affluent 
areas do not exhibit similar driving patterns, in the same road network, at the same 
time, then any findings from this methodology do little to explain their true level of 
accident risk. 
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Passenger Casualties 
The influence of place of residence in terms of affluence and deprivation is apparent 
when comparing the risk of becoming a passenger casualty (Table 3.4.2.5). 
Annual casualty 
Population Casualties rate per 10.000 
population 
Affluent 15% 108.118 737 9.7 
Deprived 15% 111.030 1.366 17.6 
Lothian 724.745 6.744 13.3 
Table 3.4.2.5 Passenger casualties (Lothian residents, 1991-97) 
Casualty rates for passengers were calculated on an annual basis to determine if there 
are any significant trends in the data (Figure 3.4.2.5). 
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Figure 3.4.2.5 Annual casualty rates of Lothian Passengers (per 10,000 population) 
Again there is no evidence of any significant trends in the data based on both 1991 
Census data and mid-year estimates from GRO. 
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The odds ratio for passenger casualties over the period 1991-97 is 1.80 (1.65,1.97). 
Therefore a person is nearly twice as likely to have become a passenger casualty if 
they lived in one of the most deprived areas than if they lived in one of the most 
affluent areas. The odds ratios were calculated for each of the 7 years for which the 
data is available (see Figure 3.4.2.6). 
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Figure 3.4.2.6 Odds ratios (and 95% CIs) of Passenger casualty risk 
(deprived v. affluent areas) 
There is no evidence of any significant trend in the odds ratios over time and for all 
years the value is greater than 1 (i. e. passenger casualty risk is higher for persons 
resident in deprived areas than affluent areas). Again this suggests that passenger 
casualty risk for those from deprived areas are likely to continue to be relatively 
high. 
Pedestrian Casualties 
The influence of place of residence in terms of affluence and deprivation is apparent 
when comparing the risk of becoming a pedestrian casualty, and this is illustrated in 
Table 3.4.2.6. 
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Annual casualty 
Population Casualties rate per 10,000 
Affluent 15% 108.118 547 7.2 
Deprived 15% 111.030 1.158 14.9 
Lothian 724.745 5.162 10.2 
Table 3.4.2.6 Pedestrian casualties (Lothian residents, 1991-97) 
Casualty rates for pedestrians were calculated on an annual basis to determine if 
there are any significant trends in the data (see Figure 3.4.2.7). 
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Figure 3.4.2.7 Annual casualty rates of Lothian Pedestrians (per 10,000 population) 
Based on the population of the area from the 1991 Census there is no significant 
trend in the pedestrian casualty rate for affluent areas 1991-97. However, there is a 
significant reduction in the pedestrian casualty rate for deprived areas over the study 
period. 
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The annual pedestrian casualty rate in deprived areas (PCRDep. ) is given by; 
PCRDep. = 18.174 xe (-0.052 x Year) 
(1.392) (0.018) (standard errors) 
where Year is given a value of 1 for 1991,2 for 1992 etc. The R-square value is 
61.0% and the model suggests that the annual pedestrian casualty rate in deprived 
areas decreases by approximately 5% per annum. This is an encouraging finding, but 
the short time period on which the model is based results in wide confidence 
intervals for the trend. 
There is a similar significant reduction in the pedestrian casualty rate for Lothian 
overall. The annual pedestrian casualty rate for Lothian residents (PCRL,,, t. ) is given 
by; 
PCRLot. = 12.043 xe (-0.043 x 
Year) 
(0.465) (0.009) (standard errors) 
The R-square value is 79.9% and the model suggests that the annual pedestrian 
casualty rate for Lothian residents decreases by over 4% per annum. Again this 
improvement is encouraging, although such an improvement will only be confirmed 
in the longer term. 
Correcting the population with the GRO mid-year estimates improves the above 
regression models. For residents from the most deprived areas the model has an R- 
square = 64.8%, and an annual reduction in casualty rates of over 5.5%. For all 
Lothian residents the model has an R-square = 82.9%, with an annual reduction of 
over 4.5%. There is still no significant trend in the pedestrian casualty rate for 
affluent areas even having corrected for an increase in the population over time. 
The odds ratio for pedestrian casualties over the period 1991-97 is 2.06 (1.86,2.28). 
Therefore a person is over twice as likely to have become a pedestrian casualty if 
they lived in one of the most deprived areas than if they lived in one of the most 
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affluent areas. The odds ratios were calculated for each of the 7 years for which the 
data is available and are displayed in Figure 3.4.2.8. 
Figure 3.4.2.8 Odds ratios (and 95% Cis) of Pedestrian casualty risk 
(deprived v. affluent areas) 
The decrease in odds ratios over time is just significant at the 5% level (p-value < 
0.05, R-square = 58.2%). The odds ratio, between casualty risk in deprived and 
affluent areas, is decreasing at approximately 3% per annum. This would result in 
similar casualty rates between the two areas in approximately 20 years. However, it 
appears from Figure 3.4.2.8 that the odds ratios have remained relatively level over 
the last 4 years. 
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3.4.3 Child Casualties 
An investigation was conducted to determine the casualty rates experienced by 
children who were resident in Lothian at the time of the accident. This was done for 
all modes of travel combined, and a separate study was carried out for pedestrian 
casualties. 
Child Casualty Rate (All travel modes) 
Place of residence for casualties were only recorded by the police for children living 
in Lothian. During the period 1991-97 there were 3,684 Lothian resident child 
casualties in 2,907 accidents. This compares with 4,326 child casualties from Lothian 
and elsewhere in 3,330 accidents. 
Lothian resident casualties of all ages account for approximately 81% of casualties 
from Lothian and elsewhere (see Section 3.4.1). For child casualties, Lothian resident 
children account for 85% of the total. This difference is significant (p-value < 0.001), 
and is likely to be due to the relatively short distances children travel compared to 
adults. 
In terms of all modes of travel, for children aged 0-15 years old, the influence of 
place of residence in terms of affluence and deprivation is apparent when comparing 
casualty rates (Table 3.4.3.1). 
Children Annual casualty 
(0-15 years old) 
Casualties rate per 10,000 
children 
Affluent 15% 19,588 304 22.2 
Deprived 15% 24,088 940 55.7 
Lothian 136,492 3,684 38.6 
Table 3.4.3.1 Child casualties (Lothian residents, 1991-97) 
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Casualty rates for children were also calculated on an annual basis to determine if 
there are any significant trends in the data (Figure 3.4.3.1). 
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Figure 3.4.3.1 Annual casualty rates of Lothian Children (per 10,000 children) 
Based on the 1991 Census figure there are no significant trends in the casualty rates 
for children over the period 1991-97. Correcting for the change in population in 
Lothian over the period 1991-97 also results in no significant trends in child casualty 
rates being identified. 
The odds ratio for child casualties over the period 1991-97 is 2.51 (2.21,2.87). 
Therefore a child is more than twice as likely to have become a traffic casualty if 
they lived in one of the most deprived areas than if they lived in one of the most 
affluent areas. The odds ratios were calculated for each of the 7 years for which the 
data is available (Figure 3.4.3.2). 
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Figure 3.4.3.2 Odds ratios (and 95% Cis) of Children's casualty risk 
(deprived v. affluent areas) 
There is no evidence of any significant trend in the odds ratios over time and for all 
years the value is greater than one (i. e. casualty risk is higher for children resident in 
deprived areas than affluent areas). Roberts and Power (1996) examined whether the 
decline in child injury death rates between 1981 and 1991 varied by social class. The 
decline for children in social classes IV and V was smaller than for those in social 
classes I and 11. As a result, socio-economic mortality differentials have increased 
between these classes. There is no evidence to suggest that this applies to traffic 
injuries for children in Lothian 1991-97. Fatality numbers for children in this study 
are, fortunately, very small. One child from the most affluent areas died in the 7-year 
period, and 7 children from the most deprived areas were killed. There were a total of 
25 Lothian resident child fatalities over the period. As a result no meaningful 
conclusions can be established as to the relative change in mortality rates between 
children living in the most affluent and deprived areas of Lothian. A study of death 
rates amongst children in Scotland 1981-95 by Morrison et al. (1999) also failed to 
establish a change in differentials based on areas identified using Carstairs' 
deprivation index. 
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Child Casualty Rate (Pedestrians) 
For child pedestrians, aged 0-15 years old, there is a similar, but more pronounced, 
effect on casualty rates by area of residence (Table 3.4.3.2). 
Children Annual casualty 
(0-15 years old) 
Casualties rate per 10,000 
children 
Affluent 15% 19.588 131 9.6 
Deprived 15% 24.088 540 32.0 
Lothian 136A92 1,907 20.0 
Table 3.4.3.2 Child pedestrian casualties (Lothian residents, 1991-97) 
Casualty rates for child pedestrians were also calculated on an annual basis to 
determine if there are any significant trends in the data (Figure 3.4.3.3). 
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Figure 3.4.3.3 Annual casualty rates of Lothian child pedestrians (per 10,000 children) 
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Based on the 1991 Census figure there are no significant trends in the casualty rates 
for child pedestrians over the period 1991-97. Correcting for the change in 
population in Lothian over the period 1991-97 also results in no significant trends in 
casualty rates being identified. 
The odds ratio for child pedestrian casualties over the period 1991-97 is 3.35 (2.77, 
4.06). Therefore a child is more than three times as likely to have become a 
pedestrian casualty if they lived in one of the most deprived areas than if they lived 
in one of the most affluent areas. This is of similar magnitude to that of Hippisley- 
Cox et al. (2002). They found a steep socio-economic gradient for all hospital 
admissions for injuries to children in Trent Region 1992-97. Based on the Townsend 
scores for deprivation, the most deprived geographic areas had almost four times the 
admission rate than the most affluent areas for child pedestrian admissions. 
The odds ratios were calculated for each of the 7 years for which the data is available 
as displayed in Figure 3.4.3.4. There is no evidence of any significant trend in the 
odds ratios over time, and for all years the value is greater than one (i. e. pedestrian 
casualty risk is higher for children resident in deprived areas than affluent areas). 
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Figure 3.4.3.4 Odds ratios (and 95% CIs) of Children pedestrian casualty risk 
(deprived v. affluent areas) 
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The relatively small numbers of child pedestrian casualties results in wide confidence 
intervals. Even so, the greater risk of becoming a pedestrian casualty for children 
living in deprived areas is clear. 
3.5 EFFECT OF POPULATION DENSITY ON CASUALTY RATES 
The influence of population density on casualty rates in Lothian was also 
investigated. This was carried out for two reasons; to examine the influence of 
population density in its own right, and as a proxy for the effects of living in urban 
and rural areas. As Lothian is the only administrative area of Scotland with historical 
data on the place of residence of casualties, information on urban and rural risk in 
Scotland can only be approximated from this one authority. 
The population of the 130 postcode sectors in Lothian has a mean of 5,575 
individuals per sector, and a range of 77 to 16,874 individuals per sector. The area 
covered in the study is 1,693 km2 and the mean population density in Lothian is 428 
people per km2. The range of population densities in the postcode sectors is 11 to 
11,824 people per km2 (Figure 3.5.1). 
Figure 3.5.1 Population density of 130 postcode sectors 
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The effect of population density on casualty rates was investigated in a similar 
manner to that of multiple deprivation. The casualty rates of the least populated 
postcode sectors, accounting for approximately 15% of the population, were 
compared to those of the most populated postcode sectors in which 15% of the 
population lived. These were chosen as proxies for rural and urban areas 
respectively. 
For this investigation, the population from the most densely populated sectors is 
107,228 individuals in 13 postcode sectors, all within the City of Edinburgh Council 
boundary. There were 16,303 children aged 0-15 years old, and the population 
density is equivalent to 8,014 people per km2. The population from the least densely 
populated sectors is 107,689 individuals in 28 postcode sectors; 7 in Edinburgh, 11 in 
East Lothian, 6 in Midlothian, and 4 in West Lothian. There were 22,006 children 
aged 0-15 years old, and the population density is equivalent to 98 people per km2. 
All Road User Casualty Rate 
Over the 7-year period, the annual casualty rate for all road users from the high 
population density (HPD) areas was 45.2 per 10,000 population, and for the low 
population density (LPD) areas was 38.6 per 10,000 population. This compares with 
an annual casualty rate of 42.4 per 10,000 population for all Lothian residents. The 
casualty rate of all road users from HPD areas is significantly higher than that from 
LPD areas (Odds Ratio = 1.17,95%CI = 1.11,1.23). There are no significant trends 
in the casualty rates over time, and there is no evidence of a trend in the odds ratios 
over time. 
Driver Casualty Rate 
The annual driver casualty rate from the HPD areas was 18.8 per 10,000 population, 
and for the LPD areas was 19.4 per 10,000 population. This compares with an annual 
driver casualty rate of 18.9 per 10,000 population for all Lothian residents. The 
driver casualty rate from HPD areas is not significantly different than that from LPD 
areas (Odds Ratio = 0.97,95%CI = 0.90,1.04). There are no significant trends in the 
casualty rates over time, and there is no evidence of a trend in the odds ratios over 
time. 
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Passenger Casualty Rate 
The annual passenger casualty rate from the HPD areas was 13.1 per 10,000 
population, and for the LPD areas was 12.3 per 10,000 population. This compares 
with an annual passenger casualty rate of 13.3 per 10,000 population for all Lothian 
residents. The passenger casualty rate from HPD areas is not significantly different 
than that from LPD areas (Odds Ratio = 1.06,95%CI = 0.97,1.16). There are no 
significant trends in the casualty rates over time, and there is no evidence of a trend 
in the odds ratios over time. 
Pedestrian Casualty Rate 
The annual pedestrian casualty rate from the HPD areas was 13.4 per 10,000 
population, and for the LPD areas was 6.9 per 10,000 population. This compares 
with an annual pedestrian casualty rate of 10.2 per 10,000 population for all Lothian 
residents. The pedestrian casualty rate from HPD areas is significantly higher than 
that from LPD areas (Odds Ratio = 1.95,95%CI = 1.75,2.17). There are no 
significant trends in the casualty rates over time, and there is no evidence of a trend 
in the odds ratios over time. 
All Child Casualty Rate 
The annual child casualty rate from the HPD areas was 41.9 per 10,000 children, and 
for the LPD areas was 33.8 per 10,000 children. This compares with an annual child 
casualty rate of 38.6 per 10,000 children for all Lothian resident children. The child 
casualty rate from HPD areas is significantly higher than that from LPD areas (Odds 
Ratio = 1.24,95%CI = 1.09,1.40). There are no significant trends in the casualty 
rates over time, and there is no evidence of a trend in the odds ratios over time. 
Child Pedestrian Casualty Rate 
The annual child pedestrian casualty rate from the HPD areas was 27.0 per 10,000 
children, and for the LPD areas was 13.8 per 10,000 children. This compares with an 
annual child pedestrian casualty rate of 20.0 per 10,000 children for all Lothian 
resident children. The child pedestrian casualty rate from HPD areas is significantly 
higher than that from LPD areas (Odds Ratio = 1.96,95%CI = 1.64,2.34). There are 
no significant trends in the casualty rates over time, and there is no evidence of a 
trend in the odds ratios over time. 
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Population density therefore has a significant association with casualty risk for 
pedestrians, all children, and child pedestrians. The link with pedestrian casualty 
rates is to be expected, and the link with all child casualty rates can also be explained 
in terms of the large contribution of pedestrian casualties to overall child casualty 
numbers. 
3.6 INTERACTION BETWEEN MULTIPLE DEPRIVATION AND 
POPULATION DENSITY ON CASUALTY RATES 
The findings in Sections 3.4 and 3.5 indicate that, individually, multiple deprivation 
and population density explain a significant amount of the variation in casualty rates 
experienced by different road user groups living in different areas of Lothian. The 
multiple deprivation score and population density of the postcode sectors are not 
significantly correlated (p-value > 0.1). A plot of the rankings of multiple deprivation 
scores against population densities indicates no significant pattern (Figure 3.6.1). 
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A 2-way analysis of variance of the effects of these factors was conducted, to 
identify to what extent interactions between multiple deprivation and population 
density influence casualty rates. This was done by comparing casualty rates of 4 
groups of residents in Lothian; urban affluent, urban deprived, rural affluent, and 
rural deprived. 
The selection criteria required that each of the 4 groups contained approximately 
7.5% of the overall population, such that 30% of all Lothian residents would be 
included in the analysis, the same as the individual studies reported above. The 
populations included in the urban groups were identified from the most affluent and 
most deprived postcode sectors in Edinburgh. Rural groups were identified from the 
most affluent and most deprived postcode sectors from the other 3 council areas, i. e. 
East Lothian, Midlothian, and West Lothian. Only postcode sectors with a population 
density of less than 1,000 people per km2 were considered as suitable proxies for 
rural areas (Table 3.6.1. ). 
Area Popn. Dens. Postcode 
Popn. Children (km2) (per km2) 
NDI 
Sectors 
Urban Affluent 54,200 9,885 62.86 862 -5.46 Edin. 14 
Urban Deprived 56,014 11,680 20.87 2,684 9.97 Edin. 7 
East 7 
Rural Affluent 54,047 11,458 547.84 99 -3.07 Mid. 2 
West 4 
East 2 
Rural Deprived 55,807 11,760 320.49 174 4.50 Mid. 3 
West 5 
Table 3.6.1 Characteristics of groups by New Deprivation Index (NDI) 
and population density 
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All Road User Casualty Rate 
Casualty rates for all road users are highest in urban deprived areas and lowest in 
urban affluent areas (Table 3.6.2). Compared to residents in urban affluent areas, 
residents in all 3 other areas have a significantly higher casualty risk. 
Casualt-, Rate 
(per 10,000) 
Odds Ratio 
Lower 
95% Cl 
Upper 
95% CI 
Urban Affluent 33.0 1.00 
Urban Deprived 54.2 1.64 1.53 1.76 
Rural Affluent 36.1 1.09 1.01 1.18 
Rural Deprived 45.1 1.36 1.27 1.47 
Table 3.6.2 Casualty rate and odds ratios for all road users 
There are no significant trends in the casualty rates of the 4 groups over the period 
1991 to 1997 (Figure 3.6.2). 
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Figure 3.6.2 Casualty rates for all road users, 1991-97 
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Casualty risk is significantly associated with multiple deprivation in that individuals 
from the most deprived areas have higher casualty rates than those from the most 
affluent areas (Table 3.6.3). Casualty rates in urban and rural areas are not 
significantly different, however there is a significant interaction between 
affluent/deprived effects and urban/rural effects. 
Sum of Mean Factor d. f. F p-value squares square 
Affluent/Deprived 1 1592.4 1592.4 81.89 < 0.001 
Urban/Rural 1 65.9 65.9 3.39 > 0.05 
Interaction 1 258.5 258.5 13.29 < 0.001 
Error 24 466.7 19.4 
Total 27 2383.6 
Table 3.6.3 ANOVA summary table for all road users 
Road users from affluent areas have a similar casualty risk, regardless of whether 
they live in urban or rural areas; whereas road users from deprived urban areas have 
a higher casualty risk than those from deprived rural areas. 
Driver Casualty Rate 
Casualty rates for drivers are highest in rural deprived areas and lowest in urban 
affluent areas (Table 3.6.4). Compared to residents in urban affluent areas, drivers 
from both affluent and deprived rural areas have a significantly higher casualty risk. 
Drivers from urban deprived areas have a similar casualty risk to their affluent 
counterparts. While the issue of exposure to accident risk was examined in Section 
3.4.2, a similar examination of exposure to casualty risk is not possible due to data 
limitations. It is also not possible to compare accident risks between drivers from 
urban and rural areas with any degree of confidence, as their driving environments 
are likely to be different in terms of traffic volumes, vehicle speeds, and other 
associated factors. 
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Casualt Rate 
(per 10,000) 
Odds Ratio Lower 
95% CI 
Upper 
95% CI 
Urban Affluent 16.2 1.00 
Urban Deprived 16.5 1.02 0.92 1.14 
Rural Affluent 19.3 1.20 1.07 1.33 
Rural Deprived 21.0 1.30 1.17 1.44 
Table 3.6.4 Casualty rate and odds ratios for drivers 
There are no significant trends in the casualty rates of the 4 groups over the period 
1991 to 1997 (Figure 3.6.3). 
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Figure 3.6.3 Casualty rates for drivers, 1991-97 
There is no significant difference between driver casualty rates from the most 
affluent and most deprived areas (Table 3.6.5). 
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Factor d. f. Sum of 
squares 
Mean 
square 
F p-value 
Affluent/Deprived 1 7.28 7.28 1.06 > 0.1 
Urban/Rural 1 101.77 101.77 14.78 < 0.001 
Interaction 1 3.22 3.22 0.47 > 0.1 
Error 24 165.28 6.89 
Total 27 277.55 
Table 3.6.5 ANOVA summary table for drivers 
Drivers from rural areas have a higher casualty risk than those from urban areas. 
There is no evidence of an interaction effect between affluence/deprivation and 
urban/rural factors. 
Passenger Casualty Rate 
Casualty rates for passengers are highest in urban deprived areas and lowest in urban 
affluent areas (Table 3.6.6). Compared to residents in urban affluent areas, 
passengers from deprived urban and rural areas both have a significantly higher 
casualty risk. Passengers from rural affluent areas have a similar casualty risk to their 
urban counterparts. 
Casualty Rate 
(per 10,000) 
Odds Ratio 
Lower 
95% CI 
Upper 
95% CI 
Urban Affluent 10.0 1.00 
Urban Deprived 20.0 2.01 1.78 2.27 
Rural Affluent 11.1 1.12 0.97 1.28 
Rural Deprived 14.3 1.43 1.26 1.63 
Table 3.6.6 Casualty rate and odds ratios for passengers 
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There are no significant trends in the casualty rates of the 4 groups over the period 
1991 to 1997 (Figure 3.6.4). 
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Figure 3.6.4 Casualty rates for passengers, 1991-97 
Passenger casualty risk is significantly associated with multiple deprivation in that 
individuals from the most deprived areas have higher casualty rates than those from 
the most affluent areas (Table 3.6.7). 
Factor d. f. Sum of 
squares 
Mean 
square 
F p-value 
Affluent/Deprived 1 308.03 308.03 61.71 < 0.001 
Urban/Rural 1 37.56 37.56 7.52 < 0.05 
Interaction 1 83.28 83.28 16.68 < 0.001 
Error 24 119.80 4.99 
Total 27 548.68 
Table 3.6.7 ANOVA summary table for passengers 
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There is evidence that, overall, passenger casualty rates are higher in urban areas 
than rural areas. There is also a significant interaction between affluent/deprived 
effects and urban/rural effects. Passengers from affluent areas have a similar casualty 
risk, regardless of whether they live in urban or rural areas, whereas passengers from 
deprived urban areas have a higher casualty risk than those from deprived rural areas. 
Pedestrian Casualty Rate 
Casualty rates for pedestrians are highest in urban deprived areas and lowest in rural 
affluent areas (Table 3.6.8). Compared to residents in urban affluent areas, 
pedestrians from deprived urban and rural areas both have a significantly higher 
casualty risk. Pedestrians from rural affluent areas, however, have a significantly 
lower casualty risk than their urban counterparts. 
Casualty Rate 
(per 10,000) 
Odds Ratio Lower 
95% CI 
Upper 
95% CI 
Urban Affluent 6.9 1.00 
Urban Deprived 17.7 2.55 2.21 2.93 
Rural Affluent 5.7 0.82 0.68 0.98 
Rural Deprived 9.8 1.41 1.21 1.65 
Table 3.6.8 Casualty rate and odds ratios for pedestrians 
There has been a significant reduction in pedestrian casualty rates in the Urban 
Deprived areas over the period 1991-97 (R-square = 70.3%, p-value < 0.05). The 
relationship between pedestrian casualty rates in urban deprived areas and the year in 
which the injury accident occurred is given by: 
x PCRUrban Deprived - 22.99 e 
(-0.069 x Year) 
(1.66) (0.018) (standard errors) 
where PCRUrban Deprived is the annual Pedestrian Casualty Rate in the most deprived 
urban areas, and Year =1 for 1991,2 for 1992 etc. This is equivalent to an annual 
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reduction in the casualty rate of approximately 6% per year. This is slightly higher 
than the 5% annual reduction in PCR identified in the most deprived areas within the 
whole of Lothian, not only urban areas (see Section 3.4.2). 
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Figure 3.6.5 Casualty rates for pedestrians, 1991-97 
Pedestrian casualty risk is significantly associated with multiple deprivation in that 
individuals from the most deprived areas have higher casualty rates than those from 
the most affluent areas (Table 3.6.9). 
Factor d. f. Sum of 
squares 
Mean 
square 
F p-value 
Affluent/Deprived 1 386.21 386.21 105.17 < 0.001 
Urban/Rural 1 145.87 145.87 39.72 < 0.001 
Interaction 1 76.53 76.53 20.84 < 0.001 
Error 24 88.14 3.67 
Total 27 696.75 
Table 3.6.9 ANOVA summary table for pedestrians 
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There is evidence that, overall, pedestrian casualty rates are higher in urban areas 
than rural areas. There is also a significant interaction between affluent/deprived 
effects and urban/rural effects. Pedestrians from affluent areas have a similar 
casualty risk, regardless of whether they live in urban or rural areas, whereas 
pedestrians from deprived urban areas have a higher casualty risk than those from 
deprived rural areas. 
All Child Casualty Rate 
Casualty rates for children are highest in urban deprived areas and lowest in urban 
affluent areas (Table 3.6.10). Compared to children in urban affluent areas, children 
from deprived urban and rural areas both have a significantly higher casualty risk. 
Children from rural affluent areas have a similar casualty risk to their urban 
counterparts. 
Casualty Rate 
(per 10,000) 
Odds Ratio Lower 
95% CI 
Upper 
95% CI 
Urban Affluent 23.4 1.00 
Urban Deprived 63.9 2.72 2.28 3.25 
Rural Affluent 24.1 1.03 0.84 1.27 
Rural Deprived 42.6 1.82 1.51 2.19 
Table 3.6.10 Casualty rate and odds ratios for all children 
There are no significant trends in the casualty rates of the 4 groups over the period 
1991 to 1997 (Figure 3.6.6). 
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Figure 3.6.6 Casualty rates for all children, 1991-97 
The casualty risk for all children is significantly associated with multiple deprivation 
in that children from the most deprived areas have higher casualty rates than those 
from the most affluent areas (Table 3.6.11). 
Factor d. f. Sum of 
squares 
Mean 
square 
F p-value 
Affluent/Deprived 1 6070.5 6070.5 119.67 < 0.001 
Urban/Rural 1 738.3 738.3 14.55 < 0.001 
Interaction 1 843.3 843.3 16.62 < 0.001 
Error 24 1217.4 50.7 
Total 27 8869.5 
Table 3.6.11 ANOVA summary table for all children 
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There is evidence that, overall, child casualty rates are higher in urban areas than 
rural areas. There is also a significant interaction between affluent/deprived effects 
and urban/rural effects. Children from affluent areas have a similar casualty risk, 
regardless of whether they live in urban or rural areas, whereas children from 
deprived urban areas have a higher casualty risk than those from deprived rural areas. 
Child Pedestrian Casualty Rate 
Casualty rates for child pedestrians are highest in urban deprived areas and lowest in 
rural affluent areas (Table 3.6.12). Compared to child pedestrians in urban affluent 
areas, child pedestrians from deprived urban and rural areas both have a significantly 
higher casualty risk. Child pedestrians from rural affluent areas have a similar 
casualty risk to their urban counterparts. 
Casualty Rate 
(per 10,000) Odds Ratio 
Lower 
95% CI 
Upper 
95% CI 
Urban Affluent 9.7 1.00 
Urban Deprived 36.9 3.80 2.91 4.94 
Rural Affluent 8.5 0.88 0.63 1.22 
Rural Deprived 24.0 2.47 1.88 3.26 
Table 3.6.12 Casualty rate and odds ratios for child pedestrians 
There are no significant trends in the casualty rates of the 4 groups over the period 
1991 to 1997 (Figure 3.6.7). 
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Figure 3.6.7 Casualtv rates for child pedestrians, 1991-97 
The casualty risk for child pedestrians is significantly associated with multiple 
deprivation in that children from the most deprived areas have higher pedestrian 
casualty rates than those from the most affluent areas (Table 3.6.13). 
Factor d. f. 
Sum of 
squares 
Mean 
square 
F p-value 
Affluent/Deprived 1 3191.6 3191.6 148.09 < 0.001 
Urban/Rural 1 346.5 346.5 16.08 < 0.001 
Interaction 1 238.3 238.3 11.06 < 0.01 
Error 24 517.2 21.6 
Total 27 4293.6 
Table 3.6.13 ANOVA summary table for child pedestrians 
There is evidence that, overall, child pedestrian casualty rates are higher in urban 
areas than rural areas. There is also a significant interaction between 
affluent/deprived effects and urban/rural effects. Children from affluent areas have 
similar pedestrian casualty risk, regardless of whether they live in urban or rural 
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areas, whereas children from deprived urban areas have a higher pedestrian casualty 
risk than those from deprived rural areas. 
3.7 SUMMARY 
Information gathered by the police at the scene of an injury accident can be used to 
identify factors associated with casualty risk. An important piece of information as 
regards this investigation is in which postcode sector the casualty lives if they are a 
resident of Lothian. This information has been linked to a measure of multiple 
deprivation for postcode sectors based on a number of variables derived from the 
1991 Census. 
A statistical investigation has revealed that, in general, casualty risk is higher for 
residents from deprived areas compared to those from affluent areas. While overall 
driver risk is similar between the two areas, a lower level of car ownership in 
deprived areas is likely to hide the fact that those individuals that do have access to a 
vehicle are likely to be at relatively high risk. Vulnerable road user groups from 
deprived areas are at increased risk of casualty involvement. This is the case for 
pedestrians, children, and particularly child pedestrians. 
The effects of population density of the areas in which casualties lived has also been 
investigated. Population density has a significant association with casualty risk for 
pedestrians, all children, and child pedestrians. Casualty risk is higher for these road 
user groups if they live in high population density areas than if they live in low 
population density areas. 
The effect of the interaction between affluent/deprived areas and urban/rural areas 
on casualty rates was also examined. For the majority of road user groups, casualty 
rates are similar for those living in affluent urban areas and affluent rural areas. 
Casualty rates tend to be significantly higher for individuals living in deprived areas, 
and urban deprived areas tend to have significantly higher casualty rates than rural 
deprived areas. 
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To identify why this is the case in Lothian, an extensive literature review was 
conducted of research associated with child casualty involvement. Relevant research 
was identified from different countries, and a summary of the findings from this 
literature review is reported in Chapter 4. 
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Chapter 4 
Casualty Risk of Children from Deprived Areas 
4.1 INTRODUCTION 
In the previous chapter traffic casualty rates were calculated for different groups of 
road user in Lothian. It is generally the case that those individuals from relatively 
deprived areas have a higher casualty risk than their more affluent counterparts. 
Children, whether pedestrians or other road users, are particularly disadvantaged if 
they live in a relatively deprived area. To find out why this might be the case in 
Lothian, a review of the relevant literature was conducted. This draws on research 
conducted in many countries in an attempt to identify factors that could explain the 
pattern of casualty risk in Lothian. 
4.2 BACKGROUND 
Traffic casualty risk and access to safe travel modes are important issues with respect 
to the Government's commitment to promoting social inclusion and equality of 
opportunity in Scotland (Scottish Office, 1998). Part of this commitment is that every 
child, whatever his or her social or economic background, has the best possible start 
in life. Social exclusion can seriously undermine this aim through a combination of 
linked problems relating to unemployment levels, low incomes, poor housing, high 
crime environments, bad health and family breakdown. These problems can manifest 
themselves in the area of traffic accident rates to children, and it is therefore 
important to investigate such problems within the context of road accidents and 
children living in disadvantaged areas. 
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In Scotland, child pedestrian casualty rates increase with age (Figure 4.2.1). The 
pedestrian casualty rate for younger children (0-4 years) in 1997 was approximately 
a third of those for 5-15 year olds. 
Figure 4.2.1 Pedestrian Casualty Rates in Scotland 
Source: Road Accidents Scotland 1997, The Scottish Office (1998) 
A number of factors have been investigated such as, the environment and physical 
features associated with child road traffic accidents, medical and health issues, the 
effects of social exclusion on the educational process, and psychological behaviour. 
Christie (1995b) found that some of the factors influencing casualty involvement for 
children are highly related to socio-economic groupings. The demographic, social 
and economic factors that are most important in explaining child accident 
involvement include age, sex and physical capability of the child. In addition, their 
parents' marital status, their ethnic origin, their risk and responsibility scores, and the 
number of children their parent has to care for, are also significant factors. Exposure 
in terms of street play, level of adult accompaniment on a school journey and extent 
of extra-mural activity are also important. These, and other relevant factors, are now 
examined. 
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4.3 FACTORS ASSOCIATED WITH ROAD ACCIDENTS AND 
DISADVANTAGED AREAS 
A number of issues were investigated which linked factors associated with traffic 
accident rates and those associated with children living in deprived households or 
from disadvantaged areas. It is important to distinguish between deprived households 
and disadvantaged areas in connection with the research reviewed. Deprived 
households may be located within disadvantaged areas, but this is not necessarily so. 
Similarly, disadvantaged areas are not necessarily composed entirely from deprived 
households. While research has indicated that injury rates for child pedestrians are 
higher for those living in disadvantaged areas, much of this increased risk can be 
explained by factors affecting the individual. 
The research reviewed in this section covers behavioural and socio-economic factors 
relating to traffic accident risk, particularly for young people. The research has also 
identified relationships between social disadvantage and ill health, education 
problems, the dangers of the physical environment, family breakdown and 
behavioural problems. The relationships between these issues and accident rates for 
children are highlighted. 
Research has addressed a number of areas in an attempt to determine the reasons 
why individuals, who are socially disadvantaged, are likely to experience higher 
accident rates. Regardless of whether research is concerned with deprived 
households or disadvantaged areas, road traffic accident rates are higher, particularly 
for children. Reasons why this is the case have suggested that children living in 
deprived households are at greater risk due to higher exposure rates as pedestrians, 
through less adult supervision in the traffic environment, and the fact that children 
are educationally disadvantaged with respect to understanding the issues of road 
safety. 
Studies have also examined effects relating to the physical environment and 
geographic locations associated with disadvantaged areas. The number and 
positioning of roads, play-areas and schools within areas have been found to 
influence traffic accident rates. Traffic volumes, alternative transport modes, and 
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driver behaviour may not be consistent across affluent and deprived areas, therefore 
explaining variation in accident rates. It is difficult, however, to separate household 
and area effects when attempting to determine why those who are disadvantaged are 
exposed to greater risk on Scotland's roads. 
4.3.1 Socio-Economic Factors for All Injuries 
This section reviews research covering the factors affecting all injuries including 
traffic injuries to child pedestrians. In the first instance, the influences of factors 
affecting the individual or the particular household in which they live are explored. 
This is followed by an investigation of the impact of geographic area in terms of 
social disadvantage. 
Individual and Household Effects 
There are differences between social characteristics at an individual basis and at the 
area level. Findings from the following studies indicate that both deprived 
households and disadvantaged areas give rise to increased accident risk for all 
injuries, although not necessarily to the same extent. 
Roberts and Power (1996) examined whether the decline in child injury death rates 
between 1981 and 1991 varied by social class. Anonymised records of all child 
injury deaths were obtained from the Office of Population Censuses and Surveys. 
Death rates for children aged 0-15 years in England and Wales, from injury and 
poisoning, have fallen for all social classes (Figure 4.3.1.1). The decline for children 
in Social Classes IV and V (21% and 2% respectively) is smaller than that for those 
in Social Classes I and II (32% and 37%). As a result of the differential decline in 
injury death rates, socio-economic mortality differentials have increased. 
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Figure 4.3.1.1 Mortality from injury and poisoning (Children 0-15 years) 
Source: Roberts and Power (1996) 
Between 1979-83 the injury death rate for children in Social Class V was 3.5 times 
that of children in Social Class I. For the 1989-92 period the injury death rate of 
children in Social Class V was 5 times that of children in Social Class I. 
Motor vehicle accident fatalities involving child occupants, pedestrians and cyclists 
constituted 51% of all child deaths from injury and poisoning in 1979-83 and 44% of 
all such deaths in 1989-92. For motor vehicle accidents, death rates in Social Classes 
I and II declined by 30% and 39% respectively, compared with declines of 18% and 
1% in Social Classes IV and V respectively. 
Alwash and McCarthy (1988) constructed a child injury severity scale with 
definitions of 3 levels of severity for 6 types of accident and tested its reliability. A 
sample of 402 young children attending the accident department of a west London 
hospital during one year was investigated. A clear trend of greater severity of injuries 
to children of working class parents was found. Therefore not only do children from 
socio-economically disadvantaged families have a higher risk of physical injury, but 
also the injuries they experience are more severe. 
iiui iý 
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A total of 42 empirical studies were reviewed by Laflamme et al. (1998) dealing with 
the determinants and characteristics of injuries to school pupils. Certain studies were 
concerned with measuring the effects of a number of socio-economic and family- 
related injury variables (Petridou et al., 1994; Bergstrom and Bjornstig, 1991). They 
revealed that a low level of parental education (on the part of the father), family 
disruption (single parenthood) and poor performance at school (on the part of the 
child) are strong correlates of school-injury experience. Results showed that having 
sustained a previous injury requiring medical attention is a significant positive 
predictor of a subsequent injury. Other variables studied (family size, birth order, 
height, and body-mass index) did not significantly predict injury-event occurrence. 
Social problems, chronic illness and stressful events in the family or school were not 
any higher for injured pupils. 
With respect to road accidents in particular, research conducted at the household or 
individual level has indicated that the risk of death for child pedestrians is highly 
class related (Christie, 1995a). Mortality statistics indicate that children in the lowest 
socio-economic group are over 4 times more likely to be killed as pedestrians than 
their counterparts in the highest socio-economic group. 
Area Effects 
As previously reported, investigations into the importance of area-related factors 
were conducted by Abdalla (1997) and Abdalla et al. (1997a, 1997b), who found that 
the casualty rates amongst residents from areas classified as relatively deprived were 
significantly higher than those from relatively affluent areas. Similarly, Erskine 
(1996) argues that those who benefit least from the motor vehicle seem 
disproportionally likely, given their relative exposure to risk, to die in road traffic 
accidents. The incidence of traffic injury in deprived urban areas is greater than in 
more prosperous areas. Social class correlates highly with mortality for all ages by 
all causes of death, and child pedestrian death rates correlate closely with all causes 
of child deaths. Social gradients in injury mortality exceed those for any other cause 
of death in young people (Jarvis, 1999), and the inequalities between social classes 
are even more extreme in relation to child pedestrian deaths than either all injury 
deaths or all causes of death. 
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A retrospective review of the hospital case notes, necropsy reports and records of 
coroners' inquests was used to determine the causes of fatal childhood accidents 
involving head injury in Northern Region of England for 1979-86 (Sharples et al., 
1990). Of the 255 children aged less than 16 years old who died with head injuries 
during 1979-86,136 (53%) were playing at the time of the accident and 195 (76%) 
sustained head injuries in road traffic accidents. Of these, 135 were pedestrians, 35 
cyclists and 25 were passengers in a vehicle. In 120 of the pedestrian accidents the 
primary cause, as determined by police investigation and inquest proceedings, was 
the unsafe behaviour of the child. Mortality was significantly related to social 
deprivation with most accidents occurring to children living in deprived areas, 
playing unsupervised near their home. Childhood mortality might be appreciably 
reduced if children at play were protected from traffic, particularly in socially 
deprived areas. 
4.3.2 Family Factors and Accident Risk 
Studies concerned with the impact of family factors on accident risk have tended to 
focus on the individual and their family structure. Few studies have sought to address 
these issues with reference to the relative affluence or deprivation of the area in 
which these households exist. A greater problem is that of correctly determining the 
underlying exposure to risk experienced by individuals in the studies. It is extremely 
difficult to establish the amount of exposure experienced by individuals from 
different socio-economic backgrounds. This is also the case when comparing 
exposure rates for people from geographic areas with different levels of deprivation 
or social disadvantage. In many cases it is not possible to separate the area effect 
from the household effect, and therefore identifying risk exposure becomes even 
more problematic. The conclusions drawn from such studies should therefore be 
treated with caution. 
Children of single mothers have injury rates twice those of children of 2-parent 
families (Roberts and Pless, 1995). The poverty, poor housing conditions and social 
isolation of lone mothers in Britain may explain this. Categories for poor housing 
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conditions include; shared accommodation, the type and quality of housing, 
temporary housing, and frequent moves. 
Research indicates that for individuals living in deprived households, family factors 
are linked to child pedestrian casualty rates and overall injury rates for children. 
Lone parenthood in particular is a risk factor for children (Fleming and Charlton, 
1998). The children of lone mothers have the highest death rates of all social groups 
(Judge and Benzeval, 1993) and lone parenthood is a risk factor for traffic injuries. 
The risk of pedestrian injury is over 50% higher. One of the main factors affecting 
exposure rates are the alternative modes of transport on offer to children. Consistent 
with this is the finding that lack of access to a car is associated with a doubling of the 
risk of injury as a pedestrian. Lack of access to a car is most likely amongst poorer 
households. Households of single elderly people or single parents have particularly 
low rates of car use (18% and 31% respectively) and single elderly people and single 
parents are predominately women (Erskine, 1996). 
As most deaths and serious injuries to pre-school children occur in the home, 
housing is an important factor in childhood accidents (Roberts and Pless, 1995). In 
the case of pedestrian injuries, children from homes without a play area are over 5 
times more at risk than children from homes with a play area. Alwash and McCarthy 
(1988) also identified that the higher accident rates in the home, involving children 
under 5 years of age, were strongly associated with overcrowding and tenure of 
housing. 
The link between social deprivation and the high accident rate of child pedestrians, 
from lower socio-economic group families, may be explained in terms of increased 
exposure to hazardous environments (Christie, 1995a). Such environments may 
relate to the areas immediately surrounding individual households and further afield. 
Hazards may include busy roads with a lack of safe crossing sites, the location of 
schools within the community, availability and access to safe play-areas etc. Child- 
rearing practices of lower socio-economic group families often involve less 
supervision with less time spent in shared activities. Christie (1995a) has also 
suggested that children from lower socio-economic groups may be encouraged to 
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take part in activities that involve greater physical risk, where competitive drives find 
an outlet in unsupervised activities in unprotected environments. 
Gregersen and Nolen (1994) also report that the freedom of movement of members 
of voluntary traffic clubs to walk or cycle in traffic alone is lower than that of non- 
members. Children who are members of traffic clubs also tend to spend less time in 
traffic environments than non-members. Roberts (1993) notes that restrictions placed 
on children's traffic exposure deny children their right to mobility and simply 
exacerbate socio-economic differentials in childhood mortality. 
Roberts (1993) argues that the reduction in children's traffic exposure is the reason 
for the fall in child pedestrian death rates in Britain over the last quarter of a century. 
While there has been a significant increase in road traffic volume over the last 30 
years the child pedestrian death rate during this time has actually fallen. A study by 
Hillman et al. (1991) found that 80% of 7 and 8 year olds were allowed to travel to 
school unaccompanied in 1971, whereas the corresponding figure for 1990 was 9%. 
Scott et al. (1998) suggest that parental fears can limit children's lives and 
experiences in a range of ways, thus increasing their dependence on adults, and cites 
Hillman's findings as an example. 
The majority of studies linking family factors and accident risk have investigated the 
individual at household level with few studies exploring at the area level. Findings 
from studies already cited indicate that the number of roads that children cross is a 
key determinant of the occurrence of child pedestrian injuries. Children from 
families with the lowest quarter of income cross 50% more roads than those in 
families in the highest income quarter (Judge and Benzeval, 1993; Rao et al., 1997). 
This may be due to living in urban areas, which themselves are more likely to be 
disadvantaged, or through lack of alternative travel modes. The poverty, poor 
housing conditions and social isolation of lone mothers in Britain (see Roberts and 
Pless, 1995, above) are also likely to be indicative of the area in which lone parents 
often find themselves. 
Research has therefore shown that children of single mothers have the highest death 
rates of all social groups and have injury rates twice those of children of 2-parent 
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families. The risk of pedestrian injury is over 50% higher for the children of lone 
mothers. Children from single parent households have higher all injury rates and 
pedestrian injury rates than children from 2-parent families. However, these findings 
are often based on studies of urban areas and may not hold for rural areas where 
social and cultural influences may be different. 
4.3.3 Accident Risk And Cultural Factors 
Studies concerned with accident risk and cultural factors have tended to concentrate 
on individuals at the household level. However, certain area effects may be inferred 
due to the establishment of ethnic communities in many instances within larger urban 
areas. 
Alwash and McCarthy (1988) investigated the incidence of accidents in the home to 
children under 5 years old in a multiracial population with a high level of social 
disadvantage. Census data from 1981 was used as a denominator to allow 
comparison between the incidence of accidents by ethnic groups and indicators of 
social disadvantage. Parents of 402 young children attending the accident department 
of a west London hospital during one year were interviewed and 4 ethnic groups 
were identified: British (183 children), Asian (127), Caribbean (61) and other (31). 
Attendance rates based on populations of electoral wards at the census showed no 
significant differences among the ethnic groups, but a strong gradient with social 
class and strong association with unemployment of the mother. 
Studies into traffic accident rates, however, have found significant differences in 
accident risk rates based on ethnicity. Christie (1995b) found that ethnic origin came 
through as an important accident indicator especially for `non-white' children aged 
less than 11 years old. Accident reports showed that, in some cases, the `non-white' 
accident casualties had only recently arrived in the UK, indicating possible problems 
in adapting to unfamiliar traffic environments. This may be partly due to area effects, 
particularly if such individuals are resident in communities with a significant ethnic 
element. Other studies, however, have found immigration to be insignificant with 
respect to children's traffic accidents (Abdalla et al., 1996). 
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A study by Lawson and Edwards (1991) indicated that Asian children are over- 
represented among pedestrian fatalities. Per head of population, those young 
pedestrians of Asian origin aged 0-9 years were over-represented in road accidents 
by a factor of 2. Like most other European countries, Great Britain does not collect 
information on the ethnic origins of casualties. However, given the high accident 
involvement of Asian children it would seem important to collect this information to 
help target remedial measures (Christie, 1995a). 
The study by Roberts, I. et al. (1995) also identified increased odds ratios of injury 
for child pedestrians by ethnic origin. This research was conducted in Auckland, 
New Zealand, and results revealed that Maori and Pacific Island children had a risk 
of injury over twice that of children in the reference category. 
Certain studies have identified ethnicity as a significant factor in determining child 
pedestrian accident rates. Such findings may relate to certain areas or particular 
ethnic groups and a more comprehensive investigation in Scotland is required. 
Findings from the research therefore indicate that significant differences in child 
pedestrian injury rates based on ethnicity have been identified, particularly for 
younger `non-white' children. 
4.3.4 Risk Factors Associated with the Physical Environment 
Research into risk factors associated with the physical environment has concentrated 
on area effects. Certain studies have, however, been able to derive information at the 
level of the individual and in many instances the findings relate to both households 
and areas. 
Individual and Household Effects 
The effects of the physical environment on pedestrian accident rates have mainly 
been studied at the area level, although valuable research has focussed on deprived 
households. Davis (1992) argues that there is a chain reaction to the threat posed by 
traffic. Perceived accident risk is a response to traffic and a trigger mechanism which 
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influences many street-level activities such as social-support, children's play and 
community identity. Perceived accident risk also impacts far more severely on 
vulnerable road-user behaviour than has been acknowledged. It can result in 
reductions and curtailments of activities if the risk is assessed to be too great. 
Restrictions, increasingly placed on children's independent mobility, are key 
indicators of the degree of this perceived risk. 
Area Effects 
With regard to the physical environment explaining levels of accident risk, Al- 
Balbissi et al. (1990) provide evidence to support the hypothesis that a strong 
relationship exists between city planning and road safety for children. In the city of 
Zarqa in Jordan, for example, a significant relationship was found between the 
number of child pedestrian casualties and a number of physical and environmental 
factors. Such factors include population density, road density, green areas per 
elementary school, and road patterns expressed as the number of four-leg 
intersections. From the models developed to explain the relationship between city 
planning and road safety for children, Al-Balbissi (1990) suggests that in order to 
achieve a reduction in child accidents school playgrounds should be open and 
available to children during the days when school is not in session. In addition, it is 
also recommended that reducing the number of complex intersections would lead to 
a reduction in child pedestrian accidents. It can be argued that inherent in these 
factors are underlying socio-economic measures (such as lack of access to safe play 
areas, lack of suitable parental supervision etc. ). However, this particular research 
did not address such matters. Whether the findings from this study would necessarily 
apply in other countries is not clear. 
Hine and Russell (1993) found that there is a trade-off between pedestrian mobility 
and safety, which is of direct relevance to the implementation of traffic calming 
schemes on busy roads. If pedestrians feel increasingly secure, and therefore cross 
the road more frequently, pedestrian casualty numbers may not decrease. However, a 
reduction in their severity would be expected. Although the particular street under 
investigation in the study was subject to relatively small variations in traffic 
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conditions throughout the day, analysis of the data has shown pedestrian mobility 
and crossing behaviour being substantially affected by traffic conditions. 
Nearly 20% of all pedestrian accidents occur at or within 50 metres of a pedestrian 
crossing facility (Tight et al., 1989). One way to make these facilities safer may be 
by reducing the delay to pedestrians at signalised crossings. This might serve both to 
increase the numbers of pedestrians who use the crossings and to decrease the 
numbers who are encouraged to take risks because of frustration. 
Christie (I995a) indicates that the layout of the residential environment influences 
the safety of child pedestrians. In places where there have been engineering 
interventions, which have helped restrict vehicular access, speed, and flow, there 
have been reductions in accident rates. The Urban Safety Project involved the 
implementation of low-cost engineering measures in selected parts of 5 towns in 
England. Comparisons were made with the accident trend for a 5-year pre-scheme 
period with the implementation period, and a 2-year post-scheme period. The results 
indicated that there were measurable savings in pedestrian accidents in 2 towns, 
whilst general reductions were also found for those involving 2-wheeled road users. 
Unfortunately no explanation was given concerning the lack of savings in the other 
towns. A clear understanding of how this reduction in accident rates is distributed 
amongst the population of road users will give an improved insight into how such 
interventions are aiding the reduction in child pedestrian casualties. 
More recently, Ross Silcock Limited (1999) were commissioned by the Scottish 
Office to undertake research into the social and environmental impact of a range of 
traffic-calmed schemes on both trunk roads and urban roads in Scotland. In all cases 
the implementation of the traffic-calming measures has resulted in a reduction of 
speeds and accidents where quantitative measures have been taken. The results from 
the different schemes show variations in local culture and taste that impact on 
judgements about appropriate designs for traffic calming. The residents of some 
areas, for example, adapt more readily than others to traffic-calming measures. 
Others respond more readily to traditional enforcement via police or speed cameras. 
The perception of speed reduction appears to be accurately reflected. There also 
appears to be some correlation between the perceived magnitude of the reduction and 
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the extent to which people are prepared to allow their children to walk or cycle more, 
or walk more themselves. 
Adams (1995) suggests that drivers appear to compensate for the hazardous 
conditions they encounter by slowing down so that the accidents that they do have 
are much less serious than they otherwise might have been. While this `risk 
compensation' may well relate to the physical environment, in which drivers find 
themselves (e. g. state of the roads, weather conditions etc. ), further research is 
required to asses driver behaviour in situations dangerous to pedestrians, such as in 
the vicinity of children on their way to school. 
An investigation to identify and assess the contribution of environmental risk factors 
for injury of child pedestrians by motor vehicles was conducted by Roberts, I. et al. 
(1995). The environmental characteristics of sites of child pedestrian injury were 
compared with the environmental characteristics of selected comparison sites in 
Auckland, New Zealand. During the study period of 26 months, 190 cases of child 
pedestrians, aged less than 15 years old, who were killed or hospitalised were 
identified. Two control groups were also identified where 380 children were 
randomly sampled from the population allowing for the age and sex distributions. 
Comparison sites were identified with the same distances and directions from the 
homes of the relevant case child, and 2 control sites were selected for each injury 
site. The results indicated that the risk of injury to child pedestrians was strongly 
associated with increasing traffic volumes. High densities of kerb parking were also 
associated with increased risk as were sites with mean traffic speeds over 40 km/h. 
The risk of injury for children in the lowest socio-economic grouping was over twice 
that of children in the highest socio-economic group. Children from families without 
access to a car were also more at risk of injury. It is argued that reducing traffic 
volumes in urban areas, restricting kerb parking and reducing vehicle speeds will 
help to prevent child pedestrian injuries, particularly those living in the most socio- 
economically disadvantaged areas. 
The distance from home to the scene of the accident was recorded in 235 cases in the 
study by Sharples et al. (1990). Most accidents occurred close to the child's home, 79 
(34%) occurring within 0.4km and 160 (68%) within 1.6km. This was particularly so 
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for pedestrian accidents, 80% of which occurred within 1.6km of the child's home. 
Results from this study show that most of the fatal accidents involving head injury 
occurred to children living in deprived areas who were playing unsupervised close to 
home. 
Socialisation into social class values may affect the risk of accidents. Social Class 
(IV and V) might indicate the way children were brought up with habits and attitudes 
towards the road which are difficult to change without giving some level of affluence 
to make the disadvantaged behave more like the better-off. Access to a car is 
influenced by income, and car ownership is expected to be higher in affluent areas 
than in deprived areas. Abdalla (1997) also found that school-age children from 
affluent areas are more likely to travel by car on their journeys to and from school 
and would be more exposed to (non-pedestrian) accidents than children from 
deprived areas, that are themselves exposed to greater pedestrian risk. 
A study by Brown and Lam (1994) found that 76% of Australian dwellings in urban 
areas are located on relatively quiet streets with a traffic flow of less than 2,000 
vehicles per day. Attempts to reduce speed limits in residential areas from 60 km/h 
have had little impact in Australia as yet. The argument to restrict speed limits on 
residential streets is strengthened when it is noted that most of the streets involved 
carry very low volumes of traffic. Restricted speed limits on these streets would have 
no effect on urban network capacity and the total `travel delay' to the community 
would be small. Again, the appropriateness of these findings to other countries is not 
clear. 
While considerable research into traffic casualty rates has been undertaken for urban 
areas a significant amount of Scotland's road network is located in rural areas. 
Although not relating to child pedestrian accidents, Tomlinson and Ross (1988) have 
identified traffic accident rates on single-track roads in an area of northern Scotland. 
They found that a high traffic accident rate is a significant characteristic of these 
roads, and single-track roads result in accidents being attributed to different causes 
from those on 2-lane roads. Further research in this area relating to different classes 
of road users and socio-economic factors would provide additional valuable 
information for the road network in Scotland as a whole. 
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Measuring deprivation in rural areas is likely to require the analysis of different 
factors used to determine urban deprivation. Gibb et al. (1998) suggests that rural 
conditions are different from urban ones and require a separate analysis taking 
account of uniquely rural forms of deprivation that arise from remoteness, transport 
costs, accessibility etc. It is also likely that the effects of social exclusion in remote 
or rural areas are likely to be different from those in urban areas. Different social and 
relationship issues are likely to exist within different community structures (Room 
(ed. ), 1995). 
While it is clear that the majority of child casualties on Scotland's roads are caused 
by impacts with vehicles on public roads, research from Australia suggests that a 
considerable number of pedestrian casualties may result from slow-speed off-road 
accidents (Robinson and Nolan, 1997). This research may be particularly relevant to 
many of the rural areas of Scotland and it is recommended that any subsequent 
investigation into rural traffic accident rates should address this particular issue. 
An important group of fatal accidents involve children and vehicles colliding off the 
highway. This accounted for 14% of accidental deaths from all causes in Victoria 
involving children less than 5 years of age between 1985 and 1995, and 12% of 
pedestrian deaths of all ages. Robinson and Nolan (1997) analysed data relating to 
the car and its driver, the child, and the circumstances of the incident. Three types of 
incident were identified (driverless cars, child interacting with the vehicle and driver, 
and drivers who were unaware of the child's proximity). These incidents were more 
common in rural areas compared with urban areas, usually occurring at the child's 
home. The child was with or near an adult on all occasions. These findings suggest 
some countermeasures, including the separation of vehicle driveways from children's 
play areas, and object vicinity ultrasonic devices for vehicles. The aim of this study 
was to identify factors associated with paediatric pedestrian fatal slow-speed 
vehicular incidents, with the objective of identifying possible preventive strategies. 
The child's own home environs were the location of 22 of these incidents (79%), 
usually a driveway, garage, or carport, including 3 on a family farm where they 
resided or regularly visited. Two incidents occurred in the driveway of a friend's 
home, and the remaining 3 occurred on a pavement, local lane, or parking place. 
Although 17 of these incidents occurred in metropolitan regions and 11 in rural 
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regions, they were more common for children resident in rural areas, with a 1985- 
1995 rate of 0.87 per 100,000 population in rural regions compared with 0.53 in 
metropolitan regions. Children from rural areas were more vulnerable in all 3 
incident categories. There has been a gradual increase in the number of these fatal 
events in more recent years. Fourteen of the 28 (50%) drive-overs occurred between 
1993 and 1995,8 of them in 1995. Current medical literature suggests that these are 
injuries for which there is little possible effective medical management, therefore the 
geographical setting of the accident, and the distance from accident site to hospital, is 
largely irrelevant. Strategies for reducing such fatalities would need to focus on 
incident reduction. 
The research has therefore found that significant relationships exist between the 
number of child pedestrian casualties and a number of physical and environmental 
factors. For example, the layout of the residential environment influences the safety 
of child pedestrians. In places where there have been engineering interventions, 
which have helped restrict vehicular access, speed, and flow, there have been 
reductions in accident rates. Research into the social and environmental impact of a 
range of traffic-calmed schemes in Scotland found that in all cases the 
implementation of the traffic-calming measures has resulted in a reduction of speeds 
and accidents. The results from the different schemes show variations in local culture 
and taste that impact on judgements about appropriate designs for traffic calming. 
In addition, research from Australia has identified that a considerable number of 
pedestrian casualties may result from other types of traffic accident. Children from 
rural areas experienced a higher accident rate compared to children from urban areas. 
These findings may be particularly relevant to the situation in Scotland. 
4.3.5 Social Deprivation and Locational Factors 
There has been a long history of research into the variations in morbidity and 
mortality in Britain with area (Maclntyre et al., 1993). However, there has been 
relatively little investigation of the socio-economic or cultural features of areas 
which might influence health and the likelihood of death. It is suggested that over 
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and above individual level attributes of deprivation, people of low socio-economic 
status may have poorer health because they tend to live in areas that in some ways 
are health damaging. 
Blaxter (1990) examined various aspects of health ('illness', `psycho-social health', 
`fitness' and `disease/disability') among men and women in non-manual and manual 
class groups living in different types of area. She found that the health of manual 
men and woman was almost always poorer than that of non-manual, but that types of 
living area make a difference. Blaxter (1990) also confirmed the earlier findings of 
Townsend et al. (1988) that the type of local neighbourhood is associated more 
strongly with health than the larger region in which the neighbourhood is located. 
Whatever the reasons for the limited research in socio-economic or cultural features 
of areas, it is important to explore more systematically the ways in which different 
types of area differ. This will help identify those social or public health policies that 
might improve the health of those individuals in the worst areas, other than those 
relating to individual improvements in lifestyle (Maclntyre et al., 1993). 
The excess mortality associated with residence in areas designated as deprived by 
census based indicators has been wholly explained by the concentration in those 
areas of people with adverse personal or household socio-economic factors. Sloggett 
and Joshi (1994) investigated the association between the level of social deprivation 
in electoral wards in England and premature mortality among residents, before and 
after allowing for levels of personal deprivation. A longitudinal study of the Office 
of Population Censuses and Surveys using deprivation indices based on those of 
Townsend et al. (1988) and Carstairs and Morris (1991), indicates that future health 
policies need to target individual people as well as the places they live in. For men, 
the increased risks of death associated with living in deprived areas were entirely 
explained by the levels of personal disadvantage experienced by each individual. The 
deprivation effect was therefore entirely due to the concentration of disadvantaged 
men in the area. Individuals living in deprived areas that were not disadvantaged did 
not experience excess risk. However, disadvantaged people also live elsewhere and 
could be excluded in large numbers if interventions were planned purely on the basis 
of local, census-based, deprivation scores. 
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On the issue of comparing family and neighbourhood risk factors, Reading et al. 
(1999) found that accidental injury rates for pre-school children were much higher in 
deprived urban neighbourhoods than in affluent areas. However, much of the 
variation in injury rates was accounted for by factors at the individual level. These 
include sex, young maternal age, number of elder siblings, distance from hospital, 
and whether or not they lived in a deprived neighbourhood. Important findings from 
this study also indicate that in the case of more severe injuries, single parenthood is 
significant. 
There is therefore conflicting evidence as to whether people of low socio-economic 
status have poorer health due to the areas in which they live being health damaging, 
or whether ill health and mortality is wholly explained by personal behavioural and 
socio-economic factors. 
4.3.6 Socio-Economic Factors and Healthcare 
There is evidence that in addition to increased injury rates, including pedestrian 
casualty rates, children living in deprived areas or suffering from material 
disadvantage are liable to be over-represented in other health issues. 
In a study by Cooper et al. (1998) an investigation was conducted to determine 
whether or not equity is achieved in the use of general practitioners, outpatient and 
inpatient services by children and young people according to their ethnic group and 
socio-economic background. Secondary analysis of the British general household 
survey involved 20,473 young people between 0 and 19 years of age. The findings 
indicate that there were no significant class differences in the use of health services 
by children and young people and there was little evidence of variation in the use of 
health services according to housing tenure and parental work status. 
However, while housing tenure was not associated with the use of general 
practitioner or outpatient services, the odds ratio of the use of 
inpatient services was 
increased by 40% for children and young people living in local authority 
accommodation when compared with those living in owner occupied 
housing. These 
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findings support previous work showing that children and young people living in 
materially deprived conditions are more likely to be admitted to hospital. This may 
be due to the health effects of their physical environment (MacLure and Stewart, 
1984), or that accidents occurring in the home environment that require hospital 
treatment are spatially patterned (Roberts, H. et al., 1995; Roberts and Power, 1996). 
Cooper et al. (1998) do not provide further information on the location of the local 
authority accommodation in their study, and it is therefore not possible to determine 
whether the accommodation was located within relatively disadvantaged areas. 
Similarly, there is no evidence from this study to suggest that children living in local 
authority accommodation are necessarily living in deprived households. Further 
information on the accommodation in question would be required before such a 
conclusion could be made. 
While these findings relate to the direct impact on health, other indirect effects may 
also exist, with equally important implications for social policy. Large sections of the 
population may curtail certain modes of travel due to their perceived accident risk. 
Life-enhancing forms of travel, such as cycling and walking, may be dismissed as 
viable options, particularly to those sections of the population such as women and 
children. Moreover, it is argued that traffic also severs communities and diminishes 
social support networks, therefore imposing substantial health costs. This may be 
particularly pertinent for health-vulnerable groups such as young children of school 
age and the elderly. 
Research has shown that children and young people living in materially deprived 
conditions are more likely to be admitted to hospital than children living in more 
affluent conditions. In addition, indirect effects may also exist leading to wide- 
ranging health problems. 
4.3.7 Children's Behavioural Factors 
Child pedestrian injuries occur significantly more often in poorer neighbourhoods 
with restricted access to play space and proximity of housing to busy streets (Bagley, 
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1992). These injuries are related to psychological problems in children such as 
cognitive deficit, over-activity, conduct disorder, and delinquency (Roberts and 
Brooks (eds. ), 1987). 
Bijur et al. (1986) analysed social and behavioural characteristics of 11,966 British 
children aged 5 years old and their mother's reports of accidental injuries between 
birth and age 5 years. Aggressive behaviour was associated with all accidental 
injuries after allowing for psychological variables including; social class, crowding, 
and child's sex. The findings support the inference that aggression and overactivity 
are independently associated with accidents. Klein (1980), however, hypothesised 
that children of lower social-class families have increased accident experience 
because of accessibility to unsafe household products, poor housing and crowding, 
and not because of aggressive or overactive behaviour. Christie (1995a) also suggests 
that increased exposure to hazardous environments by children from lower socio- 
economic group families results in a higher pedestrian accident rate for these 
children. 
The study by Bijur et al. (1986) found that the peak age of occurrence of accidental 
injuries was between 2 and 4 years of age and that boys had 30% more injuries than 
girls. The relative risk of injuries among children with scores on the aggression scale 
at or above the 90`h percentile compared with children with scores below the 25th 
percentile was 1.6 (95% CI=1.5,1.7), reflecting 60% more injuries in children with 
high aggression scores. The relative risk of injuries for high-scoring overactive 
children compared with low scorers on this scale was 1.5 (95% CI=1.4,1.5). 
The magnitude of the child behavioural associations with accidents was consistent 
with the magnitude of the associations with non-behavioural characteristics. For 
example, the unadjusted relative risk of accidents resulting in hospitalisation in 
Social Class IV (semi-skilled) or V (unskilled manual labour) versus Social Class I, 
II or III (non-manual labour) was 1.5. 
It has therefore been found that aggressive behaviour and overactivity have been 
found to be associated with all accidental injuries for children. However, with respect 
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to child pedestrian accidents in particular, it has been suggested that environmental 
influences are more significant than behavioural factors. 
4.3.8 Deprivation Factors and Education 
Research into the educational performance of children has been conducted to identify 
problems associated with their learning ability. In certain instances this information 
will relate to problems of disadvantage and can also have implications for formal 
road safety training. 
Many problems which manifest themselves in the education system, such as low 
attainment, under-achievement, and disruption, are connected to patterns of 
disadvantage and inequality in society as a whole (Dyson, 1997). It is argued that 
poverty, unemployment, lack of opportunity, poor health and healthcare, criminality, 
and a whole range of other sources of stress on families and children, are reflected in 
the difficulties which these children bring to their schools. Such problems within the 
learning environment can have an impact on a child's ability to effectively learn 
about road safety issues. 
There is evidence of a difference in the underlying socio-economic structure relating 
to education and training aimed specifically at reducing traffic accident risk. The 
problem of traffic safety among children and the effectiveness of voluntary traffic 
clubs has been investigated in studies both within Britain and elsewhere in the world. 
Firth (1973) concluded that although children's knowledge of appropriate safe 
behaviour increased after exposure to educational material, their actual behaviour 
was not affected. Rothengatter (1984), however, found that training under normal 
traffic conditions, supplemented with audio-visual presentations in school, achieved 
major improvements in the road crossing behaviour of children. 
A number of studies have shown differences between members and non-members of 
traffic clubs with respect to socio-economic circumstances. In November 1995 the 
Scottish Road Safety Campaign (SRSC) launched the Children's Traffic Club in 
Scotland (CTCS). An invitation to join the Club was sent to all children in Scotland 
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on or about their third birthday by their local Health Board. Bryan-Brown and 
Harland (1999) found that the CTCS was taken up by 62 per cent of eligible children, 
71 per cent of children in higher income families and 53 per cent of children in lower 
income families. 
Safety gains identified by Bryan-Brown and Harland (1999) since the Traffic Club 
started in Scotland are; 
" More parents and carers have taught their child to hold hands when crossing the 
road. 
" More parents and carers have shown their child how to cross a road. 
" More parents and carers have taught their child road safety by going through 
books with them. 
9 More children know that they need to think before crossing a road. 
" More parents and carers always get their child out of a car on the pavement side. 
" Parents and carers are more likely to use protected crossings, such as zebras or 
pelicans, if they exist on the child's route to school. 
9 Among children who go out in the dark, a higher proportion wear conspicuous 
clothing of some type, and a higher proportion wear reflective clothing. 
The 62% uptake of CTCS material is a higher rate than any observed in previous 
British evaluations. Although the take-up rate did vary with socio-economic status 
the proportion of members actually using the books did not vary. Carers in low- 
income families were no less likely to use the books than carers in high-income 
families. 
The comparison with the data from the 13 counties in England (see West et al., 1993, 
below) suggests that the Scottish Club has been at least as effective as the Traffic 
Club in the Eastern Region. The Eastern Region study was carried-out on children in 
13 counties in England who were interviewed just prior to the start of the 
introduction of a major traffic club scheme. Their responses were compared to 
interviews conducted one year later and with a control group (West et al., 1993). 
There was no evidence that the response to the Traffic Club was different for the 
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various socio-economic groups or by male and female children. Results indicated 
that children from non-manual socio-economic backgrounds did considerably better 
than those from manual backgrounds in terms of knowledge of road safety and were 
less likely to be left to play or ride a bicycle unsupervised in the streets. The parents 
of children who become members of these traffic clubs tend to be more highly 
educated than parents of non-members, and more of them live in their own houses. 
A reasonable conclusion from such findings is that the members of such clubs ought 
to have a lower accident risk than non-members (Gregersen and Nolen, 1994). This 
assumption is supported by non-traffic related accident data. In addition, the 
expectations from the club ought to be a reduction of the accident risk, which would 
lead to an even larger difference with the members having significantly lower risk 
than the children who are non-members. The results from this particular study, 
however, are unclear. 
There are various results in the study, such as the use of safety equipment and 
number of parents teaching and training the children, which support the hypothesis 
that safety effects are achieved by the traffic club. On the other hand, the results from 
the comparison of accident risk between members and non-members suggest that the 
overall effects of the traffic club are insignificant. 
The research has found that social and economic disadvantage manifest themselves 
in educational problems for schoolchildren. Education and training, provided by the 
CTCS, aimed specifically at reducing traffic accident risk, has produced greater 
safety gains in Scotland than a number of similar schemes elsewhere in the world. 
4.4 TRAFFIC RISK - CHILDREN'S PERCEPTIONS AND TRAINING 
MEASURES 
In this section a group of studies related to children's perceptions of traffic accident 
risk are reviewed. Consideration is also given to studies that have investigated the 
impact of formal road and traffic training, as provided by those traffic clubs that exist 
in different countries. 
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4.4.1 Children's Perceptions of Traffic Risk 
Parents' ideas about what is likely to frighten or threaten their children may not be 
the same things which children themselves find frightening (Scott et al., 1998). The 
social world of children is divided into safe and dangerous places which has 
consequences for their use of space, where they are allowed to go, and the places 
they themselves feel safe in, frightened, or excited by. 
Certain studies have simulated children's exposure to road traffic and have attempted 
to gauge the underlying factors affecting their perceptions. Stevenson (1996) found 
that the child's self-reported `habitual exposure' data is a valid measure of his or her 
actual exposure in the road environment. A large case-control study carried out in the 
metropolitan area of Perth, Western Australia, found that certain exposure variables 
such as the number and duration of walking trips were underestimated by the 
children. The number of roads crossed was also underestimated, however overall 
findings from the study indicate high levels of concordance between perceived 
exposure and actual exposure when all variables were accounted for. 
System Three (1998) explored whether there were any discrepancies between young 
teenagers' perceptions of the circumstances of road accidents and the reality. The 
findings indicate that young teenagers are very knowledgeable about the locations, 
times, and causes of pedestrian accidents. The study, based in Scotland, identified the 
urban setting as the most likely place for accidents to happen, and in particular on 
journeys to and from school. 
Connelly et al. (1998) conducted a series of trials to determine the threshold point at 
which school children would no longer cross in front of traffic approaching from 
their right. The study was conducted in New Zealand with 3 gender-balanced groups 
of school children (5-6 years, 8-9 years, and 11-12 years of age). The children 
participated in individual pre-tests of vision, hearing, and time to walk across a 12- 
metre wide urban street and back again. The results indicated that distance gap 
thresholds remained constant regardless of vehicle approach speeds. Almost two- 
thirds of the children reported using distance to judge gaps, which was found to be 
the least adequate strategy in terms of the proportion of resultant safe decisions. 
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The ability of children between 5 and 11 years old to select safe places to cross the 
street was investigated (Ampofo-Boateng and Thomson, 1991). Schoolchildren aged 
5,7,9 and 11 years of age were selected from schools in Glasgow to take part in a 
variety of different experiments. The experiments took place both within the child's 
school and in real traffic environments in the general vicinity of the school. The 
children were presented with situations that were either extremely safe or manifestly 
dangerous and were asked to correctly identify these. In other cases they were asked 
to choose for themselves routes across the road that they thought would be safe. The 
findings revealed that 5 and 7 year-olds exhibited very poor skill in identifying 
dangerous road-crossing sites. They also showed an unwillingness to make detours 
when planning their own routes, even where the direct route was manifestly 
dangerous. Nine-year-olds showed a higher level of ability than the younger age 
groups, and 11-year-olds showed good skill in these judgements. These results 
suggest that young children up to about 9 years old must often be at considerable 
risk, as they do not have the ability to recognise a location as dangerous. 
4.4.2 Training Children About Traffic Risk 
Formal traffic risk training for children such as that discussed by Gregersen and 
Nolen (1994) (see above) may lead to less teaching and training than the children 
would have had if they had not become members of organised traffic clubs. Parents 
may shift the responsibility of training children onto the traffic club, resulting in each 
member child receiving less training overall than a non-member child. The results 
from this particular study are unclear with regard to the impact of formal training on 
reducing accident risk for children in the traffic environment. The most reasonable 
conclusion, according to the authors, is that the traffic club does not have any effect 
in reducing accident risk. 
The findings of Connelly et al. (1998) reveal that pre-adolescent school-age children, 
particularly those aged below 10 years, have relatively poor skills at reliably setting 
safe distance gap thresholds. They consistently fail to make safe crossing decisions. 
These findings indicate that current approaches to training young children safely to 
cross the road are not sufficient to ensure children's safety. Children cannot be relied 
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upon to make safe last-minute decisions, regardless of their age. Furthermore, they 
suggest that rather than placing the primary responsibility on the children to make 
better decisions, efforts should be directed toward reducing vehicle approach speeds. 
Generally it appears that drivers are unprepared for the unpredictable behaviour of 
child pedestrians and need to be more responsible in law for their actions (Towner et 
al., 1993, p. 13). 
Demetre et al. (1992) suggest that children as young as 5 and 6 years of age are not 
markedly different from adults in their ability to make sensible decisions about 
traffic gaps. Though direct comparisons revealed the children to be generally less 
skilled than adults as road users, the children were able in some measure to 
compensate for their deficiencies. It would seem highly unlikely that young 
children's greater vulnerability as pedestrians can be directly attributed to a general 
developmental deficiency in the extraction of temporal information. Similarly, 
Christie (1995a) found no evidence to suggest that the accident risk of children from 
different socio-economic groups is related to developmental factors. 
The study by Demetre et al. (1992) concluded that the general conservative 
tendencies of children as reflected in the incidence of missed crossing opportunities, 
seems to point to strategic behaviour. It is conceivable that the use of such criteria 
may result in unnecessary delays in getting across a road, with subsequent feelings of 
frustration leading to making impulsive decisions. It is possible that under conditions 
in which the child is more motivated to cross the road, frustration and impulsiveness 
occasioned by delayed crossing, may well result in dangerous behaviour. 
The findings of Ampofo-Boateng and Thomson (1991) appear to have a bearing on 
the uncertainty concerning how best to train children to deal with features such as 
parked cars and junctions. In some countries children are encouraged to cross at 
junctions on the assumption that vehicle speeds are lower there. In other countries 
children are discouraged from using them because of their complexity. Similarly, 
children may be advised to cross well away from parked cars, or they may be taught 
to treat the edge of parked cars as a kerb that effectively reduces the width of the 
road. 
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Towner et al. (1993) and Avery and Jackson (1993) argue that there are ways in 
which modified driver behaviour might reduce child pedestrian casualties. These 
include vehicle drivers being on the lookout for children particularly near schools, 
playgrounds, and where children are playing. Drivers should also anticipate 
unexpected and impulsive behaviour on the part of children. In addition, reducing 
their speed in all residential areas, keeping within speed limits and slowing down 
near schools, shops, playgrounds, or where children are playing, and giving way to 
pedestrians at road junctions are further safety measures that should be implemented 
by vehicle drivers (Avery and Jackson, 1993 p. 27). Emphasis has to be placed on 
driver education such as the reduction in fatality figures associated with lower 
driving speeds. There is a 50% chance that a child hit by car travelling at 30mph will 
be killed whereas this fatality rate drops to 5% for a child hit by a car travelling at 
20mph. 
4.5 RISK FACTORS OF JOURNEYS FOR SCHOOLCHILDREN 
Several studies have examined the importance of the journey to and from school for 
children with respect to casualty rates. A considerable amount of information has 
been gathered from individual schoolchildren through surveys and observational 
studies. It is possible to identify various risk factors associated with the study sample. 
Problems, however, do exist as risk factors and exposure rates vary with location. 
A qualitative study by Tight (1987) concluded that children are vulnerable on 
journeys on their way to and from school. In an investigation of 5 towns in England, 
he found that the percentage of child pedestrian accidents occurring on such journeys 
ranged from 19% in one town to 33% in another. Tight also found that the numbers 
of school children who walk to school varies significantly between places as well, 
ranging from 47% in one town to 85% in another. Exposure to injury risk varies with 
different social, economic, and environmental conditions (Towner et al., 1994). 
An examination of how risk factors to schoolchildren vary with sex, age, and 
affluence was conducted by Towner et al. (1994). The 24 comprehensive, middle, 
and special schools in Newcastle-upon-Tyne were issued with self-completion 
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questionnaires, with 4,637 being completed by the pupils. Private schools were not 
included in the survey, although 95% of Newcastle's children attend state schools. 
Whilst there was no data regarding location of these schools relative to different 
socio-economic areas, the study would have covered a significant range of affluent 
and deprived areas within the city. 
The survey questionnaire was developed to measure children's exposure to causes of 
fatal and serious injuries, and of less severe but common injuries. By applying a 
measure of exposure to injury risk for schoolchildren aged 11 to 14 years, it was 
discovered that boys were exposed to greater risk than girls in journeys to places to 
play outdoors and they took longer trips in doing so. Boys were also less likely to 
travel by public transport or by car, and for trips to school, boys were more likely to 
travel on their own. In the time period immediately prior to the study, boys were 
nearly twice as likely as girls to have ridden a bicycle in the previous week. 
For trips to school, younger pupils were less exposed to traffic than older pupils. 
Their journeys were shorter and less likely to take more than 30 minutes, and they 
were less likely to walk and more likely to travel by car or school bus. Younger 
pupils, therefore, were more likely not to have to cross any roads on their way to 
school. For all pupils journey times were longer on the way home, with more pupils 
walking home and more roads were crossed. 
Research conducted by Carole Millar Research (1998), on behalf of The Scottish 
Office, investigated the nature and circumstances surrounding road traffic accidents 
involving pedestrians aged 12 to 15 years of age in Scotland. It was found that this 
age group was involved in a higher proportion of traffic accidents on journeys to or 
from school compared to children aged 5 to 11 years of age. For the 5 to 11 year 
olds, 24% of traffic accidents occurred on a school journey compared with 38% for 
12 to 15 year olds. 
Towner et al. (1994) assessed the affluence of a pupil's household by the ownership 
of a car and telephone, with households owning both being considered as affluent. 
Households with only one or neither were considered deprived. Using this crude 
measure of affluence, deprived children were exposed to greater risk than affluent 
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children and were less likely to travel to school by car or to be accompanied by an 
adult. While affluent pupils had longer journey times, in many other respects the 
deprived pupils were more exposed to risk. Fewer of the deprived pupils had 
travelled by car in the previous 2 days compared with affluent pupils. In addition 
deprived pupils were less likely to use a seat belt in the back of vehicles than the 
more affluent children. 
An important problem identified with this type of study was that, due to the 
methodologies used, no information could be derived for those schoolchildren who 
were absent through sickness or truancy. Both these groups may have risk profiles 
different from the study group. Towner et al. (1994) recommend further research in 
this area to investigate whether persistent truants, for example, have a different 
exposure to injury risk than pupils who attend school. 
4.6 SUMMARY 
In developing strategies to tackle Scotland's road accident problem, particular 
consideration should be given to issues of national and international concern, and to 
those problems that are more serious in Scotland than elsewhere (Halden and 
Harland, 1997). 
The main findings from this review of the literature are as follows; 
" In many instances it is difficult to separate the household effects from the area 
effects when determining the underlying factors affecting road traffic accident 
rates. 
" Children and young people living in materially deprived conditions are more 
likely to be admitted to hospital than children living in more affluent conditions. 
9 For school-children, social and economic disadvantage manifest themselves in 
educational problems such as low attainment, under-achievement and disruption. 
" The overall long-term benefits of organised Traffic Clubs have still to be 
established. The Children's Traffic Club in Scotland has produced greater safety 
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gains than a number of similar schemes elsewhere in the world, however the 
take-up rate varies with socio-economic status. 
9 The risk of death for child pedestrians is highly class related. 
9 The decline in children's death rates from injury over time has been less for 
children from the manual social classes than for children from in the non-manual 
social classes, and as a result the socio-economic mortality differentials have 
increased. 
" Injuries to children from socio-economically disadvantaged families tend to be of 
greater severity. In addition, these children have a higher risk of physical injury 
in the first place. 
" Children of single mothers have the highest death rates of all social groups and 
have injury rates twice those of children of 2-parent families. The risk of 
pedestrian injury is over 50% higher for the children of lone mothers. 
" Significant differences in child pedestrian injury rates based on ethnicity have 
been identified particularly for younger `non-white' children. 
" Restrictions placed on children's traffic exposure denies children their right to 
mobility and simply exacerbate socio-economic differentials in childhood 
mortality. 
" The implementation of traffic-calming measures, investigated in Scotland, has 
resulted in a reduction of speeds and accidents where quantitative measures have 
been taken. Additional schemes targeted at disadvantaged areas should not only 
reduce accident rates but also address some of the problems of social exclusion. 
" There is conflicting evidence as to whether people of low socio-economic status 
have poorer health due to the areas in which they live being health damaging, or 
whether ill health and mortality is wholly explained by personal behavioural and 
socio-economic factors. 
" Aggressive behaviour and overactivity have been found to be associated with 
increased accidental injuries in the child population. 
" Young teenagers are very knowledgeable about the locations, times and causes of 
pedestrian accidents. However, young children up to about 9 years old do not 
have the ability to recognise such locations as dangerous. 
9 Pre-adolescent school-age children have relatively poor skills at reliably setting 
safe distance gap thresholds in the traffic environment. 
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" Given the uncertainty of the effectiveness of educational initiatives in the child 
pedestrian field, emphasis has to be placed on driver education such as the 
reduction in fatality figures associated with reduced driving speeds. 
" The incidence of other types of traffic accidents involving children may be 
significant in Scotland. 
" On journeys to and from school deprived children are exposed to greater risk than 
more affluent children and are less likely to travel to school by car or to be 
accompanied by an adult. 
Areas requiring research have been identified based on the findings of this literature 
review. The following have been identified as either enhancing existing research or 
as pertinent to road accidents and children living in disadvantaged areas in Scotland. 
1. To fully and validly understand the implications of social exclusion there is a 
need to further investigate different levels of exposure experienced by 
different road user groups. Until more work is undertaken on exposure to 
accidents, many of the conclusions from the other studies will remain 
speculative. Since there is little knowledge of the risk of accidents to 
particular groups there should be interest in a study of different socio- 
economic groups' accident exposure rates. 
2. Throughout the review of the literature a major gap in informative research 
has emerged relating to a comparison of urban and rural risk factors for road 
traffic accidents. This is particularly key to any further work on social 
in/exclusion. In particular, a study of different exposure rates and travel 
patterns is required. Also studies of the behavioural and travel patterns of 
children in urban compared to rural communities should be carried out. This 
would inevitably involve case studies of accidents in urban and rural areas 
and would take the form of interviewing/questionnaires to determine the 
attitudes, travel patterns, and exposure to accidents of people resident in these 
areas. 
3. It is clear that there is a need for more work on an individual's comparative 
road traffic accident risk. Principal in this comparative work should be the 
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effect of social in/exclusion. Linked to this should be a study of the effect of 
different family and community support infrastructures. This would require 
an inter-disciplinary approach, combining work from child psychologists, 
health providers and statisticians. A longitudinal study of accidents, 
combined with interviewing for those involved, would be the type of study 
envisaged. 
4. Given the implications of the work reviewed, existing research 
methodologies require to be updated to take account of changes in the 
environment, the economy and social factors to identify changes in traffic 
accident and casualty rates over time. 
5. There is a need for further research into possible mechanisms for changing 
the attitudes of different groups of road users. Issues relating to mobility, 
access and safety have become clear from the review of work conducted. 
Unless these attitudes which may be deep-rooted are changed then the 
effectiveness of engineering, legal, and educational initiatives will be 
seriously constrained. This work would be based on case studies and involve 
psychologists, sociologists and statisticians. 
From the findings already reported in this thesis, all of these issues will be of value in 
monitoring and evaluating accident and casualty risk in the future. A more detailed 
discussion of future research requirements is provided in Chapter 9. 
To better understand the factors currently influencing accident and casualty 
involvement of children, a statistical analysis of various data sources was conducted. 
Comparisons of accident and casualty involvement were made between children 
living in Lothian and children living in other areas of Britain. This was done to 
identify how accident and casualty patterns vary by region, and the findings from the 
analysis are reported in Chapter S. 
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Chapter 5 
Child Casualty Patterns in Great Britain 
5.1 INTRODUCTION 
Analysis of traffic accident data for Lothian, reported in Chapter 3, provides 
evidence that the characteristics of the area in which individuals live are significantly 
related to casualty rates. Multiple deprivation is a particularly strong predictor of 
casualty rates for vulnerable road users. Population density also has a significant 
effect on casualty rates, most noticeably for pedestrians. Child pedestrian casualty 
rates were most strongly associated with area effects, in terms of both multiple 
deprivation and population density. The child pedestrian casualty rate in deprived 
urban areas of Lothian is over 4 time that of affluent rural areas. 
A review of the literature was conducted to identify to what extent casualty risk was 
associated with area level, and individual level, factors. The findings from this 
review have been reported in Chapter 4. While studies were able to confirm the 
existence of area effects, the influence of individual characteristics and behaviours is 
less certain. There is a general lack of information about the personal characteristics 
of individuals who are involved in traffic accidents, and this is even more of an issue 
when considering traffic casualties. Although certain individual-level effects were 
identified, the narrow scope of the studies makes the generalisability of the findings 
questionable. Another issue to consider is the level of change affecting many aspects 
associated with accident and casualty risk. What may have been a relevant finding in 
the past may not be applicable today. Car ownership levels have increased with time. 
Technological and engineering advances, in terms of vehicle design and the road 
network, are also evident. Travel patterns do not remain constant, the increased 
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reliance of driving children to school being a particularly relevant example. 
Therefore, findings from previous research need to be viewed with caution. Studies 
with limited objectives and narrow scope, and those conducted even relatively 
recently, may not be robust enough to identify factors associated with traffic risk in 
Scotland today. 
To compliment the literature review described in the previous chapter, a 
comprehensive statistical analysis of child casualty data was conducted. This chapter 
contains the findings from the analysis of casualty data held by a variety of agencies. 
Traffic-related fatality rates, for children aged 0-14 years old, were supplied for the 
UK and other developed countries by the International Road Traffic and Accident 
Database (IRTAD). Information on over 220,000 child casualties injured on British 
road from 1994 to 1998 was recorded on the STATS19 database. This data was 
supplied by the Department of the Environment, Transport and the Regions (DETR), 
and travel data was also provided by the National Travel Survey (NTS) for 1996 to 
1998. This allowed exposure patterns to be determined, as NTS data includes 
information about travel journeys in terms of time taken, distance travelled, mode of 
transport used etc. Other data sources were also analysed, e. g. hospital admissions 
records, as STATS 19 data tends to under-report certain groups of traffic casualties. 
Patterns of casualty risk were identified for various factors such as the effects of age, 
gender, and the type of road user. Where possible, comparisons of casualty risk were 
made between children living in Lothian and children living in the whole of Britain. 
This was done to identify regional variations in factors associated with child casualty 
involvement. Analysis was also carried out on the time of day at which injury 
accidents occur, the effects of different times of year, and the risk associated with 
school journeys. The influence of different types of road layout was also 
investigated, as were environmental factors such as weather conditions. 
Changes in road accident casualty numbers were also examined with respect to all 
accident numbers. It was therefore possible to investigate if measures taken to 
improve road safety in Great Britain have resulted in lower casualty numbers, or 
whether such changes are as a result of an overall reduction in risk taking behaviour 
by the population. 
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5.2 GENERAL TRENDS 
In Britain over the last 20 years there has been a significant reduction in road traffic 
casualty numbers and casualty rates for children aged 0-15 years old. In 1998 the 
fatality rate for children was more than 60% lower than the average fatality rate for 
1981-85. However, compared with all causes of accident fatalities to children in 
Britain, the proportion of road accident fatalities has remained relatively stable at 
approximately 50% per year. This suggests that there has been a general decline in 
fatality rates for children from all accident causes, and that the decline in traffic- 
related deaths is simply part of this general improvement. 
DETR (2000a) has noted that the UK is one of the safest countries in the world in 
terms of the fatality risk associated with children travelling on the road network. 
Fatality rates supplied by IRTAD indicates that this applies to all child age groups; 
the 0-5 years, 6-9 years, and 10-14 years old. The fatality rate for young children 
aged 0-5 years old has fallen consistently in the UK over the last 20 years. The 
fatality rate for the UK has been lower than the average of non-UK countries 
throughout the period 1981 to 1998. A similar downward trend is evident for the 6-9 
years old age group. The fatality rate for children in the UK was actually higher than 
the non-UK average in 1983 and 1984, but has remained lower ever since. For the 
10-14 years old age group, the reduction in fatality rates has not been as dramatic. 
The fatality rate for the UK was higher than the average of non-UK countries 
between 1984 and 1987, however it has remained lower since then. 
The number of child traffic casualties in Britain has fallen from an average of 50,333 
per year in 1981-85, to 43,438 iii 1998. This is a 13% reduction, and the casualty rate 
has decreased by the same amount, from 43 per 10,000 children in 1981-85, to 37 per 
10,000 children in 1998. This reduction is likely to be associated with a general 
reduction in the number of journeys being made by children. There was a significant 
reduction in the number of journeys made by children between 1996 and 1998. Over 
this 2-year period the number of journeys undertaken dropped by 6% for males, and 
by 17% for females. While there was an increase of 5% in the average journey time 
for females over the period, the average journey time for males dropped by 2%. 
Information from the NTS suggests that children are making fewer journeys as 
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pedestrians over time. Between 1996 and 1998 there was a drop in the number of 
pedestrian journeys made by children of approximately 15%. 
5.3 STASTS19 DATA - CASUALTY RECORD FOR CHILDREN 
The police recorded details of over 220,000 child casualties injured in road accidents 
in Britain between 1994 and 1998. These details included a limited amount of 
information on personal characteristics and travel behaviours. This information was 
recorded in the 'Casualty Record', one of 3 forms completed by the police at the 
scene of an injury accident. This information has been examined with reference to its 
association with a child's traffic casualty risk. 
5.3.1 Casualty Class 
There has been a change in the distribution of child casualty numbers in Britain in 
terms of their mode of travel in recent years. There has been a significant reduction 
in the number of cyclist and pedestrian casualties over the period, but passenger 
casualty numbers have increased. The increase in passenger casualty numbers for 
children can partially be explained by an increase in car use by children. The 
reduction in the number of pedestrian journeys being made by children has also 
influenced their casualty rates by mode of travel. 
A similar pattern is evident in Lothian, with the proportion of child casualties who 
are passengers increasing steadily over time (see Figure 5.3.1.1). There has been a 
decline in the proportion of child casualties that are pedestrians, while child cyclists 
account for approximately 1 in 7 child casualties each year. The change in the 
distribution of child casualty numbers in Lothian in terms of their mode of travel is 
statistically significant (x2 = 25.150, d. f. = 12, p-value < 0.05). 
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Figure 5.3.1.1 Percentage of child casualties by travel mode, Lothian 1991-97 
It is evident from Figure 5.3.1.1 that the difference between the proportions of child 
passenger and pedestrian casualties is narrowing. In 1991 there were over 80% more 
child pedestrian casualties than passengers, while in 1997 there were only 20% more. 
5.3.2 Sex of Casualty 
Over 40% more male children than female children were identified as traffic 
casualties in Britain during the 5-year period 1994 to 1998. This difference is even 
more pronounced in Lothian where 48% more male children than female children 
were casualties from 1991-97. These differences cannot be accounted for by an 
increase in exposure to traffic in terms of travelling time or journey distance. 
In Britain, approximately one-half of all child female casualties are passengers, 
compared to one-third of male casualties (Figure 5.3.2.1). Pedestrian casualties 
account for approximately 40% of casualties of both sexes. Cyclist casualties 
contribute I in 4 male child casualties, compared to 1 in 12 female casualties. 
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Figure 5.3.2.1 Casualty class of children by gender 
The distribution of casualties by gender is similar for children resident in Lothian. 
However, pedestrian casualties account for approximately 50% of all child casualties 
in Lothian, and the proportion of passenger casualties is slightly lower than in Britain 
overall. 
There is no evidence of a significant difference in child travel patterns between the 
sexes in Britain, in terms of the average journey time and the average distance 
travelled. Male and female children both travelled an average of 24 minutes per 
journey in the years 1996 to 1998. For journey distance, male children travelled an 
average of 5.8 miles per journey, and female children travelled an average of 5.6 
miles per journey. 
The ratio of male to female casualties is greater than 1 for all child age groups (Table 
5.3.2.1). The male to female ratio of average journey time, and average distance 
travelled, is approximately 1 for all age groups. Therefore the higher incidence of 
male to female casualties cannot be explained by exposure in terms of average 
travelling time or distance. 
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Age Group 
MJF Casualty 
Ratio 
AUF Journey 
Time Ratio 
M/F Distance 
Travelled Ratio 
0-4 1.26 0.95 0.99 
5-7 1.60 0.97 1.03 
8-11 1.50 0.99 1.01 
12-15 1.35 1.07 1.14 
Table 5.3.2.1 Male to female casualty and exposure ratios 
5.3.3 Age of Casualty 
Casualty rates increase steadily for children as they get older. In Britain in 1998, the 
12-15 years old age group had an annual fatality rate over twice that of the 0-4 years 
old age group. Their annual casualty rate for serious and slight injuries was over 3 
times higher than for 0-4 year olds. There is a general increase in casualty rates until 
children are approximately 12 years old. Casualty risk then remains relatively 
constant through to 15 years of age. Fatality rates, however, continue increasing 
between the age of 12 and 15 years for both males and females. 
There were 25 child fatalities in Lothian over a 7-year period and no meaningful 
comparisons of fatality rates by age can be made. However, as is the case in Britain, 
all-severity casualty rates generally increase with age for children resident in 
Lothian. 
5.3.4 Severity of Casualty 
The pattern of casualty severity has altered in Britain in recent years. There has been 
a greater reduction in the number of children with fatal and serious injuries than 
slight injuries. Approximately twice as many male as female children are fatal or 
serious casualties. Therefore, relatively more male child casualties are killed or 
seriously injured than females. For every child fatality between 1994 and 1998 there 
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were 25 serious casualties and 144 slight casualties. These ratios are similar to those 
found in Lothian, where there were approximately 22 serious casualties per child 
fatality, and 124 slight casualties per child fatality. 
There is a significant association between accident severity and age of casualty in 
Britain. The youngest age group, 0-4 years old, is over-represented in fatalities. This 
can partly be explained by physiological differences between very young children 
and older children (Suominen et al., 1998; Pitt et al., 1990). The 12-15 years old age 
group also has a relatively high fatality rate and a relatively high rate of serious 
casualties. This may be due to an increase in exposure to higher risk situations for the 
oldest age group. For example, children aged 12-15 years old are more likely to walk 
or cycle than younger children are. 
5.3.5 School Pupil Casualties 
Tight (1987) identified that children are vulnerable on journeys on their way to and 
from school. Child casualty rates on school journeys increase with age for children. 
As expected, the number of pre-school-age child casualties involved in injury 
accidents on a school journey is relatively low, at approximately 2% of all traffic 
casualties for this age group. School journey casualties contribute 15% of all 5-7 year 
old casualties, and school journeys account for approximately 1 in 5 casualties of the 
8-11 year old age group. Approximately 1 in 4 of all 12-15 year old casualties are 
injured on a school journey (see Figure 5.3.5.1). Casualty rates on school journeys 
are lower for children resident in Lothian than in Britain overall. For example, for the 
12-15 years age group, school journeys account for approximately 20% of all child 
traffic casualties in Lothian compared to 25% of all child traffic casualties in Britain. 
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Figure 5.3.5.1 School journey casualties as a percentage of all child casualties 
A higher proportion of female children become casualties as a result of a journey to 
or from school than their male counterparts. Fatality rates, however, are lower for 
school journey casualties than non-school journey casualties. These findings are 
similar to those identified by Carole Millar Research (1998). 
There are also significant differences in casualty rates for different types of road user 
on school journeys. The risk of becoming a casualty on a journey to or from school is 
significantly higher for pedestrians than it is for cyclists or vehicle passengers. The 
risk of injury for pedestrians is over twice as high as the other road user groups. In 
Lothian, school journeys account for 20% of all pedestrian casualties, 7% of all 
passenger casualties, and 4% of all cyclist casualties for children. 
5.4 STATS19 DATA - ACCIDENT RECORD FOR CHILDREN 
The circumstances associated with the injury accident are recorded by the police in 
the 'Accident Record' form at the scene of the accident. This includes information 
that can assist in detecting casualty patterns of different road user groups, such as 
children. 
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5.4.1 Day of Week 
Child casualty numbers are highest on Fridays and Saturdays in Britain, and this is 
partially explained by an increase in exposure in terms of average travelling time and 
distance. Pedestrian casualty numbers are highest on Fridays and are lowest on 
Sundays, with casualty numbers on Sundays less than half that of pedestrian casualty 
numbers on Fridays. Passenger casualty numbers are relatively high on Fridays, 
Saturdays and Sundays. Pedal cyclist casualty numbers are slightly lower on Sundays 
than other days of the week. A significantly higher proportion of child casualties are 
involved in injury accidents where the speed limit is 60 or 70 mph on Saturdays and 
Sundays. While there is an increase in the number of casualty accidents at the 
weekend on higher speed roads, less than 4% of all casualties are as a result of 
accidents on roads with a speed limit of 70mph. Approximately 3 out of 4 child 
casualties occur in accidents on roads with a speed limit of 30mph or less. 
A higher proportion of child fatalities occur on a Friday, Saturday, or Sunday. It is 
evident that children experience higher casualty rates on these 3 days even when the 
number of journeys made has been accounted for. The length of journeys made by 
children varies by the day of the week. The average journey time for children ranges 
from 21 minutes per journey on Thursdays, to 27 minutes on Sundays. A measure of 
exposure was derived from the number of journeys made each day, combined with 
the average travelling times of those journeys. This allowed a comparison to be made 
of relative casualty numbers and relative exposure by day of the week (Figure 
5.4.1.1). 
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Figure 5.4.1.1 Exposure and casualties by day of the week 
By taking account of exposure to accidents in the form of average journey time for 
children, casualty rates are actually lower on Sundays than would be expected. 
Casualty numbers are only slightly higher than expected on Fridays and Saturdays 
once exposure is accounted for. It is the remainder of the week that shows the 
greatest variation in casualty rates. Casualty numbers are higher on Thursdays than 
expected, and lower on Tuesdays than expected, once exposure has been accounted 
for. 
5.4.2 Month of Year 
Child casualty numbers increase in the summer months, mainly as a result of an 
increase in injury accidents involving children in the evenings. This is the case in 
both Lothian and Britain overall. Pedal cyclists have particularly high casualty rates 
in the summer, and this is partially explained by an increase in exposure. The 12-15 
years old age group is over-represented in injury accidents during the winter. 
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There are a high number of fatalities in August in particular. January, February, and 
October also show a relatively high proportion of fatalities. In contrast, Luff (1979) 
found a peak occurring in the Spring as well as the Autumn. There is evidence to 
suggest that the pattern of casualty numbers is influenced by the amount of available 
daylight. A crude but informative measure of accident occurrence has been identified 
to allow the effects of daylight to be determined. The time of day at which the 
median casualty accident occurred was established. This ranges between 3: 25 p. m. in 
December, and 4: 15 p. m. in June. Approximately 25% of child casualties in June are 
injured in accidents occurring between 6: 00 p. m. and 9: 00 p. m. The corresponding 
figure for December is approximately 15%. The distribution of median accident 
times, together with the increase in casualty numbers during the summer months, 
suggests that child casualty numbers are influenced by the amount of available 
daylight. There is also evidence that casualty numbers between 8: 00 a. m. and 9: 00 
a. m. are influenced by month of year, and are particularly affected by school 
holidays. Casualty numbers between 8: 00 a. m. and 9: 00 a. m. are relatively low in 
July and August, and drop again in December. 
Information from the NTS was analysed to determine the effects of exposure on 
cyclist casualty risk. The proportion of bicycle journeys made per month was 
compared with the proportion of cycling casualties per month. An increase in the 
number of pedal cyclist casualties during the summer is partially explained by the 
increase in the number of bicycle journeys made. In April, children make a relatively 
large number of cycle journeys, but there are fewer casualties than expected. For 
May, June and July the opposite is observed. Casualty numbers in these 3 months are 
higher than would be expected based on the number of bicycle journeys made. 
In addition to the number of cycle journeys made, the journey time of cycle journeys 
also varies by month of the year. Bicycle journey times range from an average of 13 
minutes per journey in March, to over 20 minutes per journey in January. The effect 
of the variation in travel time was investigated. A measure of exposure for cyclists 
was derived by combining the number of journeys made in each month, and the 
average journey time for each month. This was compared to the number of casualties 
reported for each month of the year. Taking account of journey times, the relatively 
high number of casualties in July are in part explained by the increase in exposure. 
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However, the relatively high casualty numbers for May and June still exist. In 
addition, there are a relatively low number of pedal cycle casualties in April, even 
when exposure has been accounted for. 
There is a significant association between the age of children and the month of year 
in which casualties occur. A higher proportion of 12-15 year old casualties occur 
during the winter months than the younger age groups. Children in Britain aged 5-7 
years are particularly vulnerable in August. This may be due to a lack of supervision 
for this particular age group during the summer holiday. Younger children may have 
greater parental supervision than the 5-7 year olds, while older children may have 
established friendships, and hence be less likely to travel unaccompanied. There are 
similar associations between the age of children in Lothian and the month of year in 
which they became casualties. As well as the high casualty rate for August already 
identified, April and May are also associated with relatively high child casualty 
numbers. 
5.4.3 Time of Day 
There are peak times during the day when child casualties occur in Britain, such as 
between 8 a. m. and 9 a. m., late afternoon, and early evening. The situation is slightly 
different in Lothian where the proportion of casualties occurring between 8 a. m. and 
9 a. m. is not as pronounced. Casualty numbers during this period are similar to the 
hourly numbers during the early afternoon. As in Britain overall, casualty numbers 
then increase in the late afternoon and early evening. Compared to other casualty 
severities, fatality rates are highest during darkness, from approximately 7 p. m. to 7 
a. m. 
There is a significant association between the hour of day and age of casualty. The 
12-15 years age group is over-represented in casualty figures during the evening, 
through the night, and in the early morning. As the youngest age group of 0-4 year 
olds are of pre-school age, they are over-represented in casualty figures during 
school hours. 
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5.4.4 Type of Road 
The road layout and driving environment are significant factors in determining 
casualty rates for children. Casualty rates for children differ by their mode of travel, 
their age, and their sex. Passenger casualty numbers are relatively high on roads 
where the speed limit is higher than 30mph. The 0-4 years old age group is over- 
represented in casualty figures on Motorways and A-roads. This reflects the fact that 
a higher proportion of journeys made by this group are as vehicle passengers. The 5- 
7 years old age group has a relatively high casualty rate on unclassified roads. 
Unclassified roads are also relatively dangerous for pedal cyclists and pedestrians. A 
higher proportion of female than male children were involved in injury accidents on 
Motorways and A-roads. Males had a higher proportion of injury accidents on 
unclassified roads. 
Al-Balbissi et al. (1990) found a link between child pedestrian casualty numbers and 
physical and environmental factors. Such factors include population density, road 
density, the availability of play areas and the number of intersections. In this analysis 
there is evidence of significant differences in casualty patterns by road type for 
different groups of road user. Pedestrian casualties are relatively vulnerable in one 
way streets, while cyclists have relatively high casualty rates on single-track roads. 
Both of these classes of road user are also over-represented in casualty figures on 
single-carriageway 2-lane roads. Passenger casualty numbers are highest at 
roundabouts, on dual carriageways, and single carriageways with 3 or more lanes. 
The youngest age group has higher casualty rates than other age groups on one way 
streets. Casualty rates are also higher for this age group on dual carriageways. This is 
possibly as a consequence of a greater number of them travelling as passengers. 
Approximately half of all pedestrian casualties occur more than 20 metres from a 
junction. This proportion is significantly lower for cyclists and passengers. Passenger 
casualties are particularly vulnerable at roundabouts and crossroads, while cyclists 
are more likely to be injured in accidents occurring at a T, Y or staggered junction. 
Pedestrians are also over represented in accidents at these junctions. There is little 
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evidence to suggest that junction detail is a major factor in determining casualty rates 
for children of different ages. 
5.4.5 Weather Conditions 
Child passenger casualty numbers in Britain are particularly high in conditions where 
it is raining or snowing. Over 18% of child passenger casualties occurred while it 
was raining, compared to 7% of cyclists and 9% of pedestrians. The situation in 
Lothian is the same except that only 15% of child passenger casualties occurred 
while it was raining. It is expected that these differences are largely accounted for by 
exposure, in that the number of pedal cyclists and pedestrians on the roads is reduced 
during bad weather. This may also have the effect of increasing passenger numbers 
during this time. There is also a similar effect due to snow, however such weather 
conditions were applicable to less than 1% of child casualty numbers in both Lothian 
and Britain over the period analysed. 
Weather conditions have no significant effect on casualty rates between different age 
groups, once the mode of transport has been accounted for. Similarly, road surface 
conditions whether wet or dry do not play a significant role in the pattern of 
casualties by age group, once the type of road user has been accounted for. 
5.5 MULTIPLE DEPRIVATION AT LOCAL AUTHORITY LEVEL 
The significance of socio-economic effects on child casualty rates has already been 
established in a case study of casualty data from Lothian, 1991-97. This identified a 
link between multiple deprivation and an increase in casualty rates for the majority of 
road user groups, both adults and children. While significant relationships were also 
identified in the UK-wide data between casualty rates and multiple deprivation, the 
poor resolution of casualty information suggests that more detailed research is 
required. The information provided by the STATS 19 data with regard to the effects 
of location does not allow more detailed analysis. For the period in which STATS 19 
data was made available, 1994 to 1998, no detailed information exists as to where 
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any casualty is normally resident. The only spatial identifier is the Local Authority in 
which the injury accident occurred. However, as Local Authorities are relatively 
large units, with a median population of over 100,000 people, any differences in 
socio-economic conditions between areas within the Local Authority cancel each 
other out. Another problem identified is that currently there is no single index of 
multiple deprivation for Great Britain, but individual, and non-compatible, indices 
for England, Wales, and Scotland separately. In addition, the Scottish index is 
limited to urban areas, with no index of multiple deprivation existing for rural areas. 
It has already been argued that separate indices of multiple deprivation are required 
for urban and rural areas, as there are significant differences in the circumstances and 
requirements of the people who live there. The indices for England and Scotland 
were used in the analysis of socio-economic effects in this analysis. The index for 
Wales was not suitable at the required resolution. In the near future the 2001 Census 
will provide reliable socio-economic data at small area level to allow a more detailed 
investigation. Standardised Mortality Rates (SMRs) were also examined, as a proxy 
for deprivation at regional level. A positive association with child casualty rates was 
established. 
A weak, but statistically significant, relationship was found between the square root 
of casualty rates in English local authorities and the deprivation score of local 
authorities. For Scotland, a crude deprivation measure was identified at district/local 
authority level. The resultant deprivation scores were then ranked by area. Again a 
weak, but statistically significant, relationship between the square root of casualty 
rates and deprivation rank was identified. The relationship between casualty rates 
and deprivation identified for children resident in England and Scotland confirm the 
findings of the case study reported in Chapter 3. However, the large spatial areas, and 
lack of information on the place of residence of casualties, indicate that these 
findings need to be viewed with caution. 
The relationship between child traffic casualty rates and SMRs was also investigated 
at a regional level in Britain (Table 5.5.1). Child casualty rates were calculated for 
the 9 regional areas in England, together with those from Wales and Scotland, for 
1998. SMRs were provided by the Office for National Statistics (2000). 
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Region 
SMR Child Casualty Rate 
(UK=100) (per 10,000 children) 
North East 114 39.1 
North West 109 48.7 
Yorkshire and the Humber 103 43.7 
East Midlands 100 38.3 
West Midlands 101 37.4 
East of England 93 32.5 
London 95 33.8 
South East 91 32.1 
South West 89 31.9 
Wales 101 36.4 
Scotland 116 34.8 
Table 5.5.1 SMRs and child casualty rates by region (1998) 
There is a positive association between a region's SMR and its road traffic casualty 
rate for children (R-squared = 32.0%). Scotland and the North East of England 
appear to have lower child casualty rates than expected, given their relatively high 
SMRs. 
The effect of population density on child casualty rates was also investigated to allow 
a comparison to be made between casualty patterns in urban areas and rural areas of 
Britain. The mean annual child casualty rate was determined at Local Authority level 
over the 5-year period 1994-98 using STATS19 casualty data. Population statistics 
were provided by the 1991 Census, and the Office for National Statistics (ONS) 
provided more up-to-date figures at regional level. Linear regression was conducted 
on the effect of population density on casualty rates experienced by children. As the 
population density data at Local Authority level was positively skewed, the values 
were transformed by taking the natural logarithm. The greater the population density 
of a Local Authority area the higher the child casualty rate. The model linking these 
is: 
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CCR = 247.3 + (24.8 x LNCPD) 
(15.2) (3.2) (standard errors) 
where; 
CCR = Child Casualty Rate (per 100,000 children) 
CPD = Child Population Density of Local Authorities 
(children per km2) 
Therefore, casualty rates experienced by children in urban areas are higher than those 
experienced by children in rural areas. This relationship explains 35% of the 
variation in the casualty rates at Local Authority level. 
The City of London is an exception, with a predicted casualty rate of approximately 
37 per 10,000 children per year, and an observed child casualty rate of 287 per 
10,000 children per year. This higher observed casualty rate may be explained by the 
relatively high number of visitors entering the City of London compared to the 
relatively low number of people who actually live there. This highlights the problem 
associated with calculating casualty rates based on where the injury accidents occur, 
and not where the casualties actually live. 
5.6 DATA CONSIDERATIONS 
Certain classes of road traffic casualties are under-reported on STATS19 data. 
Matching hospital admissions records with STATS19 data indicates that child 
casualties in particular are likely to be under-recorded on the police records. 
Inconsistencies between different data sources need to be considered when 
interpreting the findings of this analysis. For example, the number of child fatalities 
identified from STATS 19 data can differ from traffic accident fatalities provided by 
Mortality Statistics for England & Wales by over 6% per annum. Traffic fatalities are 
only recorded as such if they die from the injuries they sustained less than 30 days 
after the accident (Road Accidents Great Britain, 2000). 
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A small number of rural areas in Scotland were not included in the STATS 19 data 
for 1994 to 1998. National Travel Survey data for 1996 to 1998 does not cover the 
whole of Great Britain, with information from certain rural areas in Scotland also 
missing. Local Government re-organisation in 1996 has had a considerable impact on 
the definitions of geographical areas covered in this analysis, particularly in Scotland 
and Wales. The introduction of new Unitary Authorities in England, in 1997 and 
1998, has also had implications on the identification of trends in particular. The use 
of multiple deprivation indices is therefore hampered, in that the geographic areas on 
which they are based have altered. The deprivation index for Scotland is based on 
census data from 1991, and Local Government re-organisation has meant that areas 
identified for this index no longer exist in the same format. 
A critical factor affecting exposure rates to traffic is with regard to the 'import' of 
casualties into a study area, and 'export' of casualties to other geographic areas. This 
issue was investigated in a case study using STATS19 data from Lothian, Scotland. 
Findings indicate that as many as 1 in 3 traffic casualties may be resident in a 
different Local Authority to where the accident is reported. The corresponding figure 
for child pedestrian casualties is 1 in 5. It is important to acknowledge this issue as 
the STATS19 data used in this analysis records the location of accident at Local 
Authority level, but does not identify the Local Authority in which the casualty is 
resident. 
5.7 FATALITY RATES OF TRAFFIC AND NON-TRAFFIC ACCIDENTS 
Mortality statistics for all accidents, not only traffic related, were been supplied by 
the ONS for England & Wales from 1981 to 1998. These have been analysed to 
determine to what extent the improvement in child traffic fatality numbers may be 
due to safety intervention on the roads, or whether there has been a general decline in 
all accident fatalities generally. 
There is little evidence of an improvement in traffic accident fatalities relative to all 
other accident fatalities. From 1983 to 1998, the percentage of all accident fatalities 
accounted for by traffic fatalities has remained at approximately 50% for both male 
Chapter 5. Child Casualty Patterns in Great Britain 129 
and female children. This suggests that over this time period there has been a general 
reduction in all accident fatalities, with traffic fatalities accounting for approximately 
one-half of all accident fatalities per year. 
5.8 SUMMARY 
Traffic casualty statistics covering the whole of Britain over a 5-year period have 
been analysed to determine factors associated with child casualty risk. Where 
possible, comparisons have been made between Britain overall and Lothian to 
determine the influence of regional effects on child casualty rates. An examination of 
the effects of multiple deprivation and population density on casualty rates has also 
been conducted at a large area level. Problems with data compatibility between 
sources, and the level of detail provided by different agencies, have also been 
discussed. 
The main findings from this analysis are that individual-level and area-level factors 
do influence casualty risk for children (see Table 5.8.1). The relatively poor 
resolution, in certain cases, needs to be acknowledged. 
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Factor Effect 
Trends over time Child traffic casualty rates have decreased over the last 20 years 
Gender Boys are more likely to become traffic casualties than girls are 
Age Traffic casualty risk for children generally increases with age 
Mode of Travel Child pedestrians are at particular casualty risk 
Month of Year Child casualty rates increase in the summer months 
Day of Week Child casualty rates are higher at the weekend than during the week 
Time of Day Child casualty rates are highest between 8 a. m. and 9 a. m., late in 
the afternoon, and in the early evening 
Environmental Conditions The proportion of child passenger casualties, compared to cyclist 
and pedestrian casualties, increases in wet conditions 
Location Unclassified roads, 2-lane single carriageways and junctions are all 
associated with increased casualty numbers. 
School Journeys Contribute 1 in 4 child casualties in the 12-15 year age group, but 
significantly less for younger children 
Socio-Economic Effects Children from poorer areas experience relatively high casualty rates 
compared to children from more affluent areas 
Exposure Child casualties rates are positively associated with the exposure to 
accident risk 
Table 5.8.1 Effects of factors associated with child casualty rates in Britain 
The findings from this chapter and the literature review in Chapter 4 provide 
evidence that individual-level and area-level factors influence casualty risk for 
children. However, information about travel behaviours, attitudes to road safety, and 
detailed socio-economic information, are not gathered from traffic casualties. 
Therefore, the underlying reasons for casualty involvement remain unknown, and the 
individual and area factors identified from the research may only be of limited 
importance. A comprehensive understanding of casualty risk will only be possible 
when detailed information is gathered about how and why the injury accident 
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occurred. Information would be needed on the behaviours being exhibited by the 
casualty at the time. It is also important that information is gathered about their 
attitudes to road safety and other travel issues. Detailed socio-economic information 
is also required at the individual level, together with some appropriate measure of 
their social inclusion/exclusion. 
Unfortunately reporting systems do not allow easy access to this data. However, the 
information can be gathered from other road users, to identify the relationships 
between personal, behavioural, attitudinal, socio-economic, and other area factors. 
This information has been gathered from approximately 1,000 drivers across 
Scotland, to determine how these factors are associated with traffic accident risk, and 
the findings from this investigation are reported in Chapter 6. 
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Chapter 6 
Scottish Driver Survey 
6.1 INTRODUCTION 
Statistical analysis of accident and casualty involvement reported in Chapter 3 
identified the importance of multiple deprivation and population density on traffic 
casualty rates. The review of the literature in Chapter 4 highlighted factors associated 
with casualty risk for children, and the statistical analysis reported in Chapter 5 
identified that personal and area characteristics are associated with children's 
casualty involvement. Several issues requiring further research were identified in 
these chapters, and the importance of identifying the levels of exposure experienced 
by different groups of road users was discussed. The level of exposure to accident 
risk for vehicle drivers was gathered from a survey of Scottish-resident drivers. Their 
reported accident involvement and additional relevant information was also provided 
so that a comprehensive investigation of driver behaviours and travel patterns could 
be identified for Scottish drivers. 
6.2 BACKGROUND 
For a vulnerable road user to be involved in a traffic accident it is usually the case 
that another road user is involved. All pedestrian casualties, for example, are as the 
result of being struck by a vehicle. The vehicle most commonly involved with 
casualty accidents in Lothian 1991-97 was the car, associated with approximately 
65% of all injury casualties. Public Service Vehicles (PSVs) accounted for 
approximately 12%, bicycles for approximately 9%, and motorbikes for 
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approximately 5%. The remainder was made up of accidents involving a variety of 
other vehicles. In terms of the annual mileage reported for different modes of travel 
by Scottish residents, casualty rates are significantly higher for cyclists, 
motorcyclists, and PSV passengers than car users (Scottish Executive, 2001). 
In Chapter 2, certain driver characteristics and behaviours were identified as being 
linked to accident and casualty involvement, but there are still many issues that need 
to be investigated to help interpret and understand why road traffic accidents occur. 
The review of the literature identified that investigations into socio-economic and 
behavioural factors tend to be focussed on people living in urban areas. This is not 
surprising given that traffic accidents, and injury accidents in particular, are 
relatively rare events. Urban areas generally contain the large population 
denominator required in such studies. 
To address these issues, this survey was aimed at gathering a variety of information 
from drivers across the whole of Scotland. The aim was to determine to what extent 
accident involvement was related to driving behaviours and attitudes, for different 
groups of vehicle drivers. While the information gathered might not specifically 
relate to accidents involving vulnerable road users such as child pedestrians, 
identifying differences in driver behaviours on a geographic basis would be of value. 
This is because road safety policies and initiatives could take account of the specific 
needs of vehicle drivers living in different parts of the country. Information would be 
gathered not only from drivers living in urban areas, but also those from the most 
rural mainland areas and outlying islands. This was necessary to establish which 
factors, if any, are particular to urban, rural, or island drivers, in terms of accident or 
casualty risk. Additionally, it was anticipated that a more general view could be 
gathered of accident risk within Scotland. This relates to the possibility that driving 
behaviours and attitudes may not be consistent across the whole country, although 
accident and casualty rates may be. 
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6.3 SURVEY DESIGN 
The survey required the distribution of a self-complete questionnaire to suitable 
respondents. This resulted in a questionnaire that covered all the issues required in an 
easy to interpret manner. Suitable respondents were identified as vehicle drivers 
resident in Scotland, and the distribution of the questionnaires attempted to target 
these individuals efficiently and effectively. 
6.3.1 Questionnaire Design 
The design of the questionnaire (Appendix A) was based on gathering information 
from vehicle drivers resident in Scotland. While other drivers would also complete 
the questionnaire, it was anticipated that non-Scottish drivers would be a relatively 
small group within the overall sample. Scottish drivers would be identified by the 
Postcode information requested, and this information would also identify the 
administrative area in which the driver lived. Information from the 1991 Census 
could then be linked to the Postcode so that the population density, and level of 
multiple deprivation (based on the deprivation index described in Chapter 3) would 
be assigned to each driver. 
The type of information to be gathered from the survey was based on the information 
gathered by Maycock et al. (1991) who investigated the accident involvement of a 
large sample of British drivers. In addition to the variables in Maycock's study, the 
survey of Scottish resident drivers was extended to include information about 
additional relevant factors. Questions on the following issues were asked in the 
questionnaire, and were grouped accordingly; 
" Demographic and socio-economic information 
" Driving behaviour in terms of types of journey and accompanying passengers 
" Accident involvement (over previous 3 years) 
" Perceptions (on reasons why accidents occur) 
" Attitudes (to various driving and road safety issues) 
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The individual questions were designed for ease of analysis and interpretation. 
Certain questions required a numerical answer, while others involved ticking the 
appropriate boxes. As regards vehicle use, respondents were asked to rank the types 
of journeys they made. Ranking was also used in terms of what passengers, if any, 
accompanied them on their journeys. Respondents were also required to rank the 
factors they thought were associated with traffic accidents. In terms of a variety of 
driving and road safety issues, a 5-point Likert scale of agreement/disagreement was 
used. 
The initial questionnaire was peer-reviewed to ensure clarity and consistency of 
questioning, and to identify any practical concerns. This resulted in additional 
options being suggested for Question 16 (contributory factors to road traffic 
accidents), and these were included in the final questionnaire design. 
The information received was entered and analysed on SPSS 10.0.5 for Windows. 
Further to the initial analysis, a series of focus groups was conducted to validate the 
findings and provide respondents with the opportunity to discuss the issues in more 
detail. The findings from the focus groups are reviewed in terms of similarities and 
differences experienced by drivers from different geographic areas of Scotland. This 
is reported in Chapter 7. 
6.3.2 Sample Plan 
One of the principal objectives of this research is to identify if driving behaviours 
and accident involvement varies between people living in different geographic areas 
of Scotland. It was therefore necessary to gather information on a national basis from 
individuals living in urban areas, rural areas, and island communities. To gather 
information from urban areas the initial sample plan involved making questionnaires 
available to the public, through a certain tyre and exhaust organisation, that has 
approximately 70 centres located in cities and towns across Scotland. The delivery of 
questionnaires to people living in rural areas was more problematic, as the number of 
service centres and garages in such areas is relatively limited. Therefore, 
questionnaires were personally delivered to garages and petrol stations, as petrol 
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stations would provide a greater opportunity for the questionnaire to be made 
available to the driving population than garages alone. A major advantage of drivers 
reporting their own accident involvement is that damage only accidents can be 
identified as well as injury accidents (Elander et al, 1993). 
Information from people living and working on islands was gathered from 
questionnaires distributed to garages and petrol stations on Orkney and the Western 
Isles. In addition, drivers were also targeted at 2 mainland ferry terminals at 
Kennacraig (which serves Islay and Jura), and Oban (which serves a number of 
islands off the west coast of Scotland). Contact had been made with Caledonian 
MacBrayne, who operate ferry services from these ports, by letter in May 2000 
(Appendix B 1). This resulted in a meeting with a representative of the organisation at 
their Head Office in Gourock. It was decided that Kennacraig and Oban would be the 
most suitable ports for the distribution of the questionnaires. Permission from the 
port managers to conduct the survey, in the vehicle marshalling areas prior to the 
vessels departing, was granted. During the surveying operation it was an essential 
requirement to wear a high-visibility jacket in the proximity of the vehicles, as well 
as a Napier University name badge. 
This particular sampling approach was adopted in an attempt to help control for the 
exposure of vehicle drivers to the driving environment. The theory behind this 
approach is that the road system is the entity within which road accidents occur. To 
be able to build an accurate picture of the road system it is necessary to gather 
information from those individuals who operate within that system. Those particular 
individuals are a sample of vehicle on the road system at any one time. To target 
those most likely to be on the system, it is necessary to either identify appropriate 
vehicle drivers and then gather information from them, or to gather information from 
a representative sample. The first approach is only appropriate if individual driving 
characteristics are known, which is not generally the case. Alternatively, a 
representative sample can be identified, in terms of annual mileage at least, by 
making questionnaires available to drivers proportional to the amount of driving 
undertaken. Therefore, utilising particular locations within the road system (i. e. 
garages and petrol stations in this case) would allow the dispersal of questionnaires 
approximately in line with the amount of driving undertaken by drivers. In effect, 
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low mileage drivers would be much less likely to have the opportunity of being 
presented with a questionnaire than very high mileage drivers who will ultimately 
make greater use of garages and petrol stations due to their higher amounts of 
driving. Therefore, it is expected that the average mileage reported by respondents of 
this survey will be higher than the average number of miles driven by the general 
population. 
6.3.3 Response Rate 
With respect to the distribution of questionnaires through the chain of tyre and 
exhaust centres, a letter sent to the company's head office in April 2000 (Appendix 
B2) established initial contact. This outlined the background to the research, and 
requested assistance in the delivery of the questionnaires. This letter was answered 
favourably, and a second letter was forwarded to the organisation in the following 
month (Appendix B3). The representative of the organisation confirmed that the 
individual centres had been informed of the research. Approximately 70 of these 
centres exist, ranging from 15 centres in Glasgow and 9 in Edinburgh, to single 
centres in Oban, Galashiels, and Stranraer. Delivery of the questionnaire involved 
sending 30 or 40 questionnaires, depending on the population size of the areas 
covered by the centre, to each centre together with a covering letter (Appendix B4). 
Questionnaires were sent to 70 centres on the 5"' and 6th June 2000, and instructions 
were provided on how they were to be made available to customers. At the end of 
June, after approximately 3 weeks on display, completed questionnaires were then to 
be returned in a pre-paid reply envelope, with a compliment slip or other form of 
identification so that the locations of the service centres could be established. 
The first returns were received on 2nd July and the last to be received arrived on 22°a 
August 2000. Of the 70 centres to which questionnaires were sent 16 (23%) returned 
at least one completed questionnaire (see Appendix Cl for the location of service 
centres in the survey). Of the 2,340 questionnaires distributed in this way, 129 
(5.5%) were returned. The poor response rate is despite efforts made to contact those 
centres that had not returned questionnaires (Appendix D is a full breakdown of 
response rates and reasons why questionnaires were not returned). A small number of 
Chapter 6. Scottish Driver Survey 138 
the centres could not be contacted by telephone due to the centre telephone number 
not being recognised. This was despite the fact that the telephone numbers of the 
service centres had been identified on the organisation's own web site. 
The response rate from the garages and petrol stations visited was higher at 
approximately 23% (see Appendix C2 for the location of garages and petrol stations 
in the survey). Overall, the number of questionnaires returned was 997 from the 
6,105 issued all across Scotland, giving an overall return rate of 16.3% (Appendix 
E). While this response rate is low, the method of distribution was likely to have an 
adverse effect. An additional link between the researcher and ultimate recipient (i. e. 
the garage or petrol station visited) increased the likelihood of non-delivery. Of the 
242 non-service centre outlets that received questionnaires, at least one questionnaire 
was returned from 190 of them (Figure 6.3.3.1). Therefore, at least 78% of the outlets 
displayed the questionnaires to the public, or otherwise promoted them. 
Figure 6.3.3.1 Number of questionnaires returned from outlets 
The greatest proportion of returned questionnaires was 16 out of the 20 delivered to a 
petrol station on Orkney, representing a response rate of 80%. 
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6.4 RESPONDENTS' CHARACTERISTICS 
A total of 997 completed questionnaires were received. In this section the personal 
characteristics of the respondents are described. A table summarising this 
information is also provided in Appendix F. 
6.4.1 Gender 
There were 615 male respondents and 382 female respondents, 61.7% and 38.3% of 
the sample respectively. The number of licensed drivers in the UK is approximately 
31.7 million (DETR, 2000b). Approximately 57% (18.0 million) are male, and 43% 
(13.7 million) are female. The higher level of male respondents in this survey is to be 
expected. This is because males generally drive further than females, and will 
therefore use petrol stations and garages more frequently. They are therefore more 
likely to have been presented with a questionnaire. 
6.4.2 Age 
The age range of respondents was 17 to 88 years with a mean of approximately 43 
years (Figure 6.4.2.1). 
Figure 6.4.2.1 Age of respondents 
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The mean age of male respondents is approximately 45 years old, and for females is 
approximately 41 years old. This difference is significant (p-value < 0.001). The 
distribution of ages for males and females indicates that relatively few young males 
completed and returned the questionnaire (Figure 6.4.2.2). 
Figure 6.4.2.2 Cumulative frequency of age of respondents by sex 
The difference in the distribution of respondent ages by sex is significant. Grouping 
the respondents in 10 year age-bands indicates that a greater proportion of females 
aged up to 26 years responded, while a greater proportion of males aged 57 and over 
responded (x2 = 25.925, d. f. = 6, p-value < 0.001). 
6.4.3 Marital Status 
Overall, approximately two-thirds of the respondents indicated that they were 
married. The proportion of males who were married is significantly higher than for 
females, at 72.4% and 58.0% respectively. Approximately one in 5 respondents was 
single, 24.9% of females and 18.0% of males. A higher proportion of females than 
males reported being widowed, divorced or cohabiting. 
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6.4.4 Number of Children Aged Less Than 16 Years Old 
Approximately 38% of respondents reported they had at least one child aged less 
than 16 years old. Approximately 15% had one child, 17% had 2 children, and 6% of 
respondents had 3 or more children. There was no significant difference in the 
number of children under 16 years of age reported by male and female respondents. 
6.4.5 Occupation 
The occupation of the respondent was identified as the first, or only, occupation 
recorded on the questionnaire. The occupations were identified as belonging to one 
of 5 general groups; professional, managerial & academic, non-manual, manual, 
retired/unemployed. A significantly higher proportion of females than males were in 
the non-manual group (x2 = 67.336, d. f. = 4, p-value < 0.001). 
6.4.6 Highest Education Level 
Over half of respondents continued their formal education beyond secondary school, 
or gained a work-related qualification. Approximately 16% held a Further Education 
qualification, and 27% a Higher Education qualification. Approximately 9% held a 
Professional qualification, and 2% a Trade qualification. A significantly higher 
proportion of females than males left with a 5th/6`h year qualification from secondary 
school, while Trade qualifications were almost exclusively held by males (x2 = 
30.305, d. f. = 8, p-value < 0.001). 
6.4.7 Age when Passed Driving Test 
The majority of respondents passed their driving test in their late teens, with 60% 
having passed by the time were 20 years old (Figure 6.4.7.1). Another 32% of 
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respondents passed while aged between 20 and 29 years old. Approximately 6% 
passed while aged in their 30s, and less than 2% were 40 or over when they passed. 
Figure 6.4.7.1 Age respondents passed driving test 
Males were significantly more likely to pass the test while still in their teens, while 
females were more likely to pass the test than males in their 20s, their 30s, and when 
aged 40 or over (x2 = 49.395, d. f. = 3, p-value < 0.001). 
6.4.8 Years Driving 
The mean number of years of driving experience is 22 years and 6 months, with a 
range of 0 to 64 complete years (Figure 6.4.8.1). There is a significant difference in 
driving experience between the sexes, with males averaging 25 years of experience 
and females averaging 18 years of driving experience (p-value < 0.001). 
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Figure 6.4.8.1 Driving experience of respondents in years 
6.4.9 Driving Distance 
The distance from the respondent's place of residence to 5 places and facilities was 
reported. Respondents were asked to indicate whether these distances were, up to '/2 
mile, '/i to I mile, I to 2 miles, or over 2 miles. 
Place of work 
Over 70% of respondents reported that they live more than 2 miles from their place 
of work, with approximately 14% living within 1/2 mile of their workplace. 
Primary school 
Over 60% of respondents reported that the nearest primary school was less than I 
mile from their home, with 40% indicating that it was less than '/ý mile away. Only 
20% of respondents indicated that the nearest primary school was over 2 miles from 
their place of residence. 
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Children's playground 
Almost half of respondents live within '/z mile of the nearest children's playground, 
with only 1 in 5 live more than 2 miles away. 
Swimming pool/sports centre 
Only 10% of respondents live within V2 mile of the nearest swimming pool/sports 
centre, with another 17% living between /2 and 1 mile from such a facility. Over 
57% live more than 2 miles from the nearest swimming pool/sports centre. 
Supermarket/shopping centre 
Approximately 15% of respondents live less than 1/2 mile from the nearest 
supermarket/sports centre, and another 17% between 1/2 mile and 1 mile from such a 
facility. Over 56% live more than 2 miles from the nearest supermarket/shopping 
centre. 
Respondents also indicated whether they could normally park their vehicle directly 
outside their place of residence. Almost 94% of people who replied indicated that 
they could normally park in such a manner. 
6.4.10 Type of Residence 
Over half of all respondents live in detached properties. Another quarter live in semi- 
detached properties. The remainder are equally distributed between terraced 
properties and flats. Less than 5% of all properties contained only one bedroom, 
while 22% of properties had 2 bedrooms. Over 42% of all properties had 3 
bedrooms, another 22% had 4 bedrooms, and 9% had 5 or more. Approximately 11% 
of respondents lived on their own, while one third lived with just one other person. 
Approximately 20% lived in properties with 2 other people, while just under a 
quarter of respondents lived in households with 4 occupants. Approximately 12% of 
respondents lived in properties with 5 or more occupants. The number of occupants 
per bedroom has been calculated based on this information (Figure 6.4.10.1). 
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Figure 6.4.10.1 Number of occupants per bedroom 
The mean number of occupants per bedroom is 1.00. The most crowded property 
reported 3.00 occupants per bedroom, which resulted from 6 individuals living in a 
property with 2 bedrooms. 
6.5 DRIVING CHARACTERISTICS 
The driving behaviours of respondents were recorded, as were the characteristics of 
journeys made. This information includes the annual mileage driven by respondents, 
the types of vehicles driven, the types of roads driven on, reasons for driving, and the 
type of passengers accompanied on journeys. 
6.5.1 Annual Mileage 
As previously discussed in Section 6.3.2, higher mileage drivers are more likely to 
have gained access to a questionnaire due to their increased likelihood of visiting a 
garage or petrol station during the study period. While annual mileage was requested 
as a measure of exposure to assist in understanding accident involvement, it is 
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acknowledged that there are problems associated with this approach (Elander et al, 
1993). There may be considerable variation between the amount of miles driven in 
different years, and there are likely to be substantial errors due to the subjective 
estimates of annual mileage. In addition, the type of journeys made in terms of time 
of day, season, choice of route, level of traffic etc. have not been recorded. These 
have been identified as important factors associated with accident involvement in 
particular. 
The mean annual mileage reported by the respondents was 15,539 miles. The range 
of reported annual mileage was 100 to 100,000 miles per annum, and the distribution 
is heavily skewed (Figure 6.5.1.1). 
Figure 6.5.1.1 Annual miles driven by respondents 
The mean annual mileage reported by the male respondents was 18,160, and was 
11,040 for female respondents. A more robust measure of annual mileage is the 
median, which is 12,000 for the whole sample. The median is 13,750 miles for males 
and 10,000 miles for females. These figures are higher than the mean annual mileage 
for all cars in Britain of 9,200 miles (DETR, 2000b). However, the DETR figure 
includes considerable variation, from 7,450 miles reported annually for household 
cars, to over 23,700 miles reported for certain company cars. As has previously been 
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stated, it is likely that drivers of relatively high mileage vehicles will have had 
greater opportunity to take part in this survey. 
The distribution of reported mileage was transformed, by taking the natural 
logarithm, to produce a more symmetrical distribution used in the analysis that 
follows. A t-test confirms that males reported significantly higher annual mileages 
than females (p-value < 0.001). In terms of annual mileage by driver age, those in the 
youngest age group (17-19 years old), and oldest age group (60+ years old) drove 
significantly fewer miles than those in the other age groups (F = 2.484, d. f. = 5, p- 
value = 0.030). Drivers whose highest educational qualification is a Trade 
qualification, reported driving significantly more miles annually than the other 
groups (F = 2.347, d. f. = 8, p-value = 0.017). 
There is a small, but significant, effect between annual mileage and the age at which 
individuals passed the driving test (R-square = 3.0%); 
Ln(m11es) = 9.921 Xg 
(-0.0030 x AGE PASSED TEST) 
(0.11) (0.0005) (standard errors) 
Therefore, individuals who passed the driving test at age 17 would be expected to 
drive just over 12,400 miles per annum. For each year after the age of 17, there 
would be a 2.7% reduction in the annual mileage reported. Therefore, a driver who 
passed the test at age 25 would be expected to drive approximately 9,900 miles 
annually. 
There is no evidence to suggest that the number of miles driven annually is 
dependent on marital status of the respondent, or the number of children they have 
aged less than 16 years old. In addition, there is no significant relationship between 
the amount of driving experience, in terms of years driving since passing the test, and 
the annual mileage recorded. 
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6.5.2 Vehicles Driven 
A number of respondents indicated that they regularly drove more than type of 
vehicle, and a total of 1,121 vehicles were reported by the 997 respondents. The 
vehicle most frequently used was the car, at over 84% of all responses. While farm 
vehicles/tractors accounted for 0.7% of responses, bicycle use was only recorded by 
0.5%. This may be due to the relatively high proportion of rural residents who took 
part in the survey. 
6.5.3 Driving Environment 
Respondents were asked to indicate their proportion of driving on urban roads, rural 
roads, and motorways. Overall, respondents indicated that approximately 33% of 
their driving was done on urban roads, 51% on rural roads, and 16% on motorways 
(see Figure 6.5.3.1). Drivers in this sample drove a mean of 4,700 miles per annum 
on urban roads, 7,900 miles on rural roads, and 2,800 miles on motorways. 
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Figure 6.5.3.1 Proportion of driving by type of road 
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Male drivers reported that 17.2% their driving was done on motorways. Female 
drivers reported that 13.7% of their driving was done on motorways, and this 
difference is significant (p-value < 0.01). There is a small, but significant effect 
between driver age and the proportion of driving recorded on urban roads (p-value < 
0.001). The proportion of driving on urban roads reduces by 0.3% a year as drivers 
get older. Approximately 42% of a 17-year-old's driving is done on urban roads, 
compared to only 29% of a 55-year-old. 
6.5.4 Reasons for Driving 
Respondents were asked about their reasons for driving, given 8 options to choose 
from. Over 88% of respondents provided this information. The most frequent use for 
driving was 'driving to/from work', which accounted for almost half of the responses 
given (Table 6.5.4.1). As well as indicating the most frequent use of driving, 
respondents were asked to provide information on every situation in which they 
drove. 
Reason for Driving 
Most 
Frequent 
% Every % 
Driving to/from work 437 49.72 706 80.14 
Driving as part of job 203 23.09 578 65.61 
Driving children to/from school 18 2.05 299 33.94 
Driving children to/from friends 4 0.46 375 42.57 
Driving children to/from play areas 3 0.34 309 35.07 
Shopping trips 105 11.95 807 91.60 
Social (visiting/evening out/leisure etc. ) 80 9.10 824 93.53 
Weekend breaks/annual holidays etc. 29 3.30 765 86.83 
Table 6.5.4.1 Reasons for driving 
Approximately 90% of drivers use their vehicles at some point for 'shopping trips', 
'social driving', and 'breaks/holidays'. Four out of five drivers 'drive to/from work', 
Chapter 6. Scottish Driver Survey 150 
and nearly two-thirds drive 'as part of job'. Females were more likely to 'drive 
children to school' and undertake 'shopping trips', while males were more likely to 
use their vehicles for 'social' purposes. Older drivers were more likely to 'drive 
to/from work' than younger drivers were. 
6.5.5 Passengers while Driving 
Respondents were asked to indicate which passengers, if any, accompanied them on 
trips, given 6 choices to choose from. Over 92% of respondents provided this 
information (Table 6.5.5.1). 'Driving on their own' was the most common situation 
for over 70% of drivers. 
Most All 
Passengers % % 
Common Trips 
On your own 644 70.15 884 96.30 
With work colleagues 
With spouse/partner only 
With children only 
With spouse/partner and children 
With friends/other relatives 
52 5.66 545 59.37 
104 11.33 721 78.54 
51 5.56 475 51.74 
47 5.12 488 53.16 
20 2.18 775 84.42 
Table 6.5.5.1 Passengers while driving 
Therefore, almost every respondent indicated that they 'drive on their own' for certain 
journeys. While only 38% of respondents reported having at least one child aged less 
than 16 years of age, over 50% of respondents reported driving 'with children only' 
for certain journeys. There was little difference between passenger accompaniment 
between the sexes, although female drivers were more likely to 'drive with children 
only' as passengers than male drivers. 
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6.6 REASONS FOR ACCIDENTS 
Respondents were asked to indicate, in their opinion, what the major contributing 
factors to road traffic accidents are (Table 6.6.1). They were provided with 12 
options, and were asked to identify the 5 most important factors by ranking them in 
terms of importance. 
Reason for Accidents 
Most 
Important 
% 
Ranked in 
top 5 
% 
Driving inexperience 124 14.50 521 60.94 
Mechanical failure 0 0.00 9 1.05 
Aggression 48 5.61 434 50.76 
Pedestrian behaviour 5 0.58 51 5.96 
Tiredness 19 2.22 344 40.23 
Impatience 104 12.16 615 71.93 
Weather conditions 15 1.75 380 44.44 
Speed 323 37.78 733 85.73 
Road layout 8 0.94 100 11.70 
Alcohol 62 7.25 418 48.89 
Congestion 8 0.94 63 7.37 
Not concentrating 139 16.26 607 70.99 
Table 6.6.1 Reason for road traffic accidents 
The single most important factor associated with road traffic accidents is 'speed', 
chosen by more than a third of respondents. 'Pedestrian behaviour', 'road layout', and 
'congestion' are only thought to be the most important factor by approximately 1% of 
the respondents. When asked to indicate the 5 major contributors to road traffic 
accidents from the 12 options, 'speed' remains as the most common response. 
'Driving inexperience', 'aggression', 'impatience' and 'not concentrating' are also 
identified as major contributors by at least 50% of respondents. 
Driver attitudes and behaviours change with time (Quimby and Drake, 1989). A 
study compared the attitudes of a random sample of 982 drivers in 1978, with 1,128 
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drivers ten years later. Approximately 89% of drivers in the 1988 study thought that 
'people' were the most important contributor to accidents, with 'vehicles' at 6%, and 
'roads at 5%. In terms of driver traits, 'inattention' was the most important factor at 
45%, 'aggressive behaviour' at 30%, 'tiredness' at 12%, and 'inexperience' at 14%. 
The order of these 4 traits differs from that reported in this study (Figure 6.6.1). 
The mean value of the rankings, provided by the respondents in this study, was 
calculated for each of the 12 factors associated with traffic accidents. As expected, 
'speed' had the lowest mean ranking of 2.15. The mean rank scores reflect the 
responses given in Table 6.6.1, except that 'alcohol' has a lower mean rank than 
'aggression'. Therefore, while more respondents identified 'aggression' as being one 
of a number of contributors to traffic accidents, 'alcohol' was identified as being a 
more important contributor. 
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Figure 6.6.1 Mean rank of Reasons for Accidents (with 95% Cis) 
Male drivers were more inclined to identify 'driving inexperience' as a contributory 
factor in accidents (mean = 2.82), than female drivers (mean = 3.25), (p-value < 
0.001). Female drivers considered 'speed' a more likely factor (mean = 2.01), than 
male drivers (mean = 2.24), (p-value < 0.05). 
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6.7 DRIVER ATTITUDES 
Respondents were asked to indicate their level of agreement/disagreement for 15 
statements related to driving and road safety issues (Figure 6.7.1). A 5-point Likert 
scale, that ranged from '1 - Strongly Disagree' to '5 - Strongly Agree', was used. 
Certain statements were worded in the negative to avoid positive response bias. 
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Figure 6.7.1 Mean responses to statements on driving and road safety issues (with 95% CIs) 
Respondents most strongly agreed with the statement, 
9 Disregarding the speed limit increases the risk of an accident (mean = 4.40) 
This confirms the importance of'speed' as a contributor in road traffic accidents, as 
identified by respondents in Section 6.6. 
Factor analysis was conducted on these responses to determine if latent variables 
could be constructed from the statements. This would reduce the number of relevant 
statements that could be used to identify the responses provided. Factor analysis was 
also undertaken to determine whether the responses given by the respondents were 
valid, and whether responses provided were consistent among similar statements. 
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Johnson and Wichem (1992, p. 435) recommend performing both principal 
component factor analysis and maximum likelihood factor analysis, and comparing 
the factor solutions. This was done with the responses provided, and the loadings of 
the two methods grouped in a similar manner. The principal components solution is 
carried forward due to the higher amount of variance explained by this method. Five 
factors were identified that explained 51.26% of the variance in the responses, with 
the first factor accounting for 16.89% of the total (see Table 6.7.1). 
The rotated component matrix indicates that 12 of the 15 statements have been 
included in the 5 factors identified. Only coefficient values greater than 0.5 have 
been retained. 
Statement 
Component 
12345 
Disregarding the speed limit increases the risk of an accident 0.771 
Road safety is a concern to me 0.666 
There should be no maximum speed limit on motorways -0.562 
I walk, cycle or use public transport when I can 0.794 
I would not take the car on a journey of less than 1 mile 0.747 
People should be encouraged to leave their cars at home 0.538 
The roads where I live are safe for children and the elderly 0.783 
The speed limit in urban areas should be reduced to 20mph -0.565 
I drive at a safe speed regardless of what the speed limit is 0.697 
Traffic should be encouraged to flow freely in urban areas 0.553 
Most drivers are selfish 0.696 
I sometimes make unnecessary journeys by car 0.688 
Table 6.7.1 Factor coefficient scores 
The first factor is constructed from 3 components; 
" Disregarding the speed limit increases the risk of an accident 
" Road safety is a concern to me 
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" There should be no maximum speed limit on motorways 
The first two statements have positive coefficient scores, and the third has a negative 
coefficient score. This is to be expected if the third statement is answered 
consistently with the others. This factor is associated with speed and the overall 
issue of road safety. Comparing the personal characteristics of survey respondents, a 
high score on the concerns of road safety is typically associated with females in the 
older age groups, who are married, and drive relatively few miles annually. 
The second factor is constructed from 3 components that all have positive 
coefficients; 
"I walk, cycle or use public transport when I can 
"I would not take the car on a journey of less than 1 mile 
" People should be encouraged to leave their cars at home 
This factor is associated with vehicle usage and mode of travel. Comparing personal 
characteristics of survey respondents, a high score on vehicle usage is typically 
associated with females driving relatively few miles annually. 
The third factor is constructed from 2 components; 
" The roads where I live are safe for children and the elderly 
" The speed limit in urban areas should be reduced to 20mph 
The coefficient for the second statement is negative, as is expected. This factor is 
associated with the safety of the road environment and urban driving. Comparing 
personal characteristics of survey respondents, a high score on the safety of the local 
road environment is typically associated with relatively young or relatively old single 
males with no children. 
The fourth factor is constructed from 2 components; 
91 drive at a safe speed regardless of what the speed limit is 
9 Traffic should be encouraged to flow freely in urban areas 
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This factor is associated with personal driving responsibility. Comparing personal 
characteristics of survey respondents, a high score on personal driving responsibility 
is typically associated with relatively old married males in a low SEG, with no higher 
education qualifications, driving a relatively high amount of annual mileage. 
The fifth factor is constructed from 2 components; 
" Most drivers are selfish 
"I sometimes make unnecessary journeys by car 
This factor is associated with the convenience of car use. Comparing personal 
characteristics of survey respondents, a high score on convenience of car use is 
typically associated with young males, from a high SEG, who have children. 
6.8 ACCIDENT INVOLVEMENT 
Respondents were asked to provide information about any traffic accidents they had 
been involved in as a driver, passenger, or pedestrian, in the previous 3 years. 
Maycock et al. (1991) only investigated the accident liability of car drivers in terms 
of their reported accident involvement in a 3-year period. This section is a summary 
of the information provided by respondents of the Scottish Driver Survey. Modelling 
accident involvement in terms of the information provided, is described in Chapter 8. 
6.8.1 Number of Accidents 
The number of drivers who indicated they had been involved in at least one traffic 
accident in the previous 3 years was 151 out of 997 respondents, 15.15% of the total. 
The majority of those experienced a single accident, with only 22 respondents, 
2.21% of the total, reporting involvement in more than one accident during that time 
(Table 6.8.1.1). The overall accident rate was equivalent to 615 accidents per 10,000 
population per year, or 3.97 accidents per million miles per year. 
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Number of Accidents Respondents Percentage 
0 846 84.9 
1 129 12.9 
2 14 1.4 
3 6 0.6 
4 1 0.1 
5 1 0.1 
Total 997 100.0 
Table 6.8.1.1 Number of accidents reported in previous 3 years 
While 184 individual accidents were reported, lack of information resulted in the 
date of accident being identified in only 154 cases. The distribution of accident dates 
shows individuals under-report accidents that occurred relatively long ago (Figure 
6.8.1.1). The number of injury accidents in Scotland has been stable at approximately 
16,500 a year since 1993 (Road Accidents Scotland, 2001). It is expected that the 
number of accidents reported by the respondents should be relatively constant over 
the 3-year period. As only 4% of respondents reported driving less than 3 years, any 
reduction in accident numbers for up to 3 years back would be of a similar 
magnitude. 
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Figure 6.8.1.1 Reported date of accidents 
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The survey was conducted between June and August 2000, and hence accidents 
would be recorded between June 1997 and August 2000. It was expected that fewer 
accidents would be recorded between June and August 1997, as not all 
questionnaires were distributed in time to cover this period. The period from 
September 1997 to May 2000 would be in the 3-year 'envelope' for all respondents. 
A further reduction in reported accidents was expected between June and August 
2000, as an increasing proportion of questionnaires were already completed and 
returned. The distribution of accidents over time (Figure 6.8.1.1) indicates that the 
lack of reported accidents in 1997 and 1998 cannot be explained by these factors. 
Analysis was conducted on the above distribution of reported accidents, with 
information from drivers reporting less than 3 years driving experience being 
removed from the data. Similarly, accidents reported June to August 1997, and June 
to August 2000, were also removed. This left a 33-month period in which all 
respondents would have been driving. The removal of inexperienced drivers 
accounted for 16 accidents, and removing the 3-month periods at either end of the 
study removed a further 13 accidents. This left 125 accidents, reported by drivers 
with at least 3 years driving experience, over the 33-month period. A 12-month 
moving average of reported accidents was calculated. The number of reported 
accidents is significantly related to the month in which they occurred (p-value < 
0.001). Reported accident numbers are higher at the end of the 3-year period that at 
the beginning. The relatively short time-scale of 33 months has not allowed any 
meaningful analysis of seasonal effects on accident involvement. 
The number of reported accidents per month was plotted in reverse to highlight the 
effect of 'memory loss' (Figure 6.8.1.2). An exponential model explains the decay in 
recorded accidents through the effect of 'memory loss' (p-value < 0.001). 
Accidents = 6.083 xe (-0.0395 
x Month) 
where Month is given the value '1' for May 2000, '2' for April 2000 etc. The Root 
Mean Square Error (RMSE) is 1.89 accidents per month. 
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Figure 6.8.1.2 Reported accidents and the decay effect of 'memory loss' 
Approximately 6 accidents would be expected to have been recorded in May 2000, 
while approximately 2 accidents would be expected to have been recorded in 
September 1997. This is assuming that no seasonal effects exist. 
This loss function is equivalent to approximately 3.8% per month, and 37.7% per 
year. This finding is consistent with that of Maycock et al., (1991) who found that 
approximately 28% of accidents are forgotten each year. In their study no evidence 
was found to indicate that age has an effect on memory loss. Information was 
gathered from approximately 18,500 drivers based on systematic sampling of the 
Driver Vehicle and Licensing Centre (DVLC). This large sample allowed them to 
identify that memory loss was found to vary with SEG, and the proportion of driving 
done in the dark. Sex, age, driving experience, and type of road, were not found to be 
related to memory loss. The relatively small sample in the current study is unreliable 
for similar detailed analysis. 
The model suggests that the true number of accidents that occurred in the 33-month 
period is approximately 200, compared to the 125 accidents actually reported by 
respondents. This is an important issue when attempting to gather accurate 
information from road users on their accident involvement. If the real effect of 
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memory loss is as large and consistent as has been identified, respondents will only 
recall approximately 60% of all accidents they were involved in during the previous 
3 years. The following information and the modelling of accident involvement 
described in Chapter 8 are based on the uncorrected accident numbers reported by 
the survey respondents. 
6.8.2 Travel Mode 
Approximately 84% of accidents reported by respondents occurred when they were 
driving a vehicle. Nearly 13% of reported accidents occurred while they were a 
vehicle passenger, and 3% were accounted for by other modes of travel. Only 1 
respondent was travelling as a pedestrian when they were involved in an accident. 
6.8.3 Accompanying Passengers 
Almost two-thirds of the drivers involved in accidents were driving alone. Another 
27% were accompanied by 1 or 2 passengers. One respondent, who reported driving 
a PSV, recorded being accompanied by 47 passengers. 
6.8.4 Other Vehicles Involved 
Approximately a quarter of respondents reported that their accident did not involve 
another motorised vehicle. Over 60% of accidents involved another car, while other 
vehicles involved include; vans, buses, HGVs, a snowplough, and two tractors. 
6.8.5 Injury Accidents 
Approximately 1 in 5 accidents reported involved at least one person being injured 
(Table 6.8.5.1). In addition, the police attended at the scene of the accident in 
approximately a third of cases. However, the police did not attend the scene of all the 
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injury accidents. It is usually a requirement, as for each injury road accident known 
to have occurred in their area the police authorities complete a statistical return 
(Road Accidents Scotland, 1998). 
Police Attended 
Yes No Total 
25 6 31 
26 92 118 
Injuries 
No 
Total 51 98 149 
Table 6.8.5.1 Injury accidents and police attendance 
Of the 31 injury accidents recorded, 19% were not attended by the police. This level 
of under-reporting is consistent with other studies (Road Accidents Great Britain, 
2000). 
6.9 AREA OF RESIDENCE 
A total of 997 completed questionnaires were returned from drivers resident in 
Scotland and elsewhere (Table 6.9.1). Their place of residence was denoted by the 
postcode information supplied by the respondents. This information identified 893 
drivers who were Scottish residents (see Appendix C3 for the place of residence of 
Scottish-resident respondents). Sixty-six drivers were identified as living in England 
& Wales. The remaining 38 drivers lived outside Great Britain, or their place of 
residence was not recorded or could not be identified. 
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Population Respondents Area of Residence Respondents Percentage (1991 Census) per 100,000 
population 
Borders Region 
Central Region 
Dumfries & Galloway Region 
Fife Region 
Grampian Region 
Highland Region 
Lothian Region 
Orkney Islands Area 
Shetland Islands Area 
Strathclyde Region 
Tayside Region 
Western Isles Island Area 
(Eilean Siar) 
Outside Scotland / Unknown 
33 
46 
31 
34 
64 
269 
100 
73 
2 
156 
28 
57 
104 
3.3 
4.6 
3.1 
3.4 
6.4 
27.0 
10.0 
7.3 
0.2 
15.6 
2.8 
5.7 
10.4 
103,311 
268,251 
147,732 
340,138 
493,760 
102,524 
724,107 
19,328 
22,163 
2,219,110 
385,136 
29,370 
31.94 
17.15 
20.98 
10.00 
12.96 
262.38 
13.81 
377.69 
9.02 
7.03 
7.27 
194.08 
Total 997 100.0 4,962,152 
Table 6.9.1 Area of residence of respondents 
In order that meaningful comparisons could be made of driver behaviours between 
people resident in urban and rural areas, it was necessary to adopt a non-random 
sampling approach. The Highlands, Orkney Islands and Western Isles (Eilean Siar) 
were specifically targeted, so that an adequate number of responses could be 
achieved from people living in rural/island areas. The response rate per population 
denominator is significantly smaller from Lothian and Strathclyde compared to the 
rural/island areas. The number of completed questionnaires received, however, is of 
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a similar magnitude. These 5 areas, together with Grampian, have each provided 
information from at least 50 residents. An investigation has been conducted to 
identify any differences that exist between respondents from these 6 administrative 
areas in terms of driver behaviours and attitudes. 
6.9.1 Personal Characteristics of Respondents by Area 
There is no significant difference in the distribution of responses from the areas 
investigated in terms of, sex, age, marital status, number of children aged less than 
16 years old, and age when passed driving test. 
A significant difference was found between respondents from different areas in terms 
of their occupational grouping (x2 = 41.430, d. f. = 20, p-value < 0.01). A relatively 
high proportion of respondents from Lothian reported having occupations in the 
higher SEGs, and those from Western Isles reported having occupations in the lower 
SEGs. There are also significant differences in the highest educational qualification 
attained by respondents from different administrative areas (x2 = 66.476, d. f. = 25, p- 
value < 0.01). The 3 rural/island areas are resident to a relatively high proportion of 
respondents with no post-school qualifications. This does not mean that residents in 
these areas are necessarily less educated than in other areas, but may be the result of 
well-educated individuals moving to other areas. Drivers from the 3 rural/island 
areas and Grampian are more likely to live in a detached property than drivers from 
the main urban areas of Lothian and Strathclyde are. Drivers from Lothian and 
Strathclyde are more likely to live in a flat, semi-detached, and terraced properties. 
6.9.2 Driving Characteristics of Respondents by Area 
Drivers from Orkney reported an annual mileage of 7,500 miles (Table 6.9.2.1). This 
is significantly lower than for respondents living in all other areas, except Western 
Isles (F = 4.450, d. f. = 5, p-value < 0.01). This can be partly explained by the 
relatively small land areas covered by the island groups. 
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Area Median Mean 95% C. I. 
Grampian 12,000 11,600 9,610 -14,010 
Highland 12,000 12,240 11,040 - 13,570 
Lothian 12,000 11,200 9,390 - 13,370 
Orkney 10,000 7,500 6,160 - 9,130 
Strathclyde 12,000 12,380 10,860 - 14,120 
Western Isles 10,000 9,930 7,880 -12,510 
Table 6.9.2.1 Annual mileage reported by area 
Drivers from Highland, Orkney, and Western Isles reported a significantly higher 
proportion of driving on rural roads. Drivers from Grampian, Lothian, and 
Strathclyde reported a significantly higher proportion of driving on both urban roads 
and motorways. Drivers resident in Strathclyde drove more miles on rural roads than 
drivers from Orkney. 
A significantly higher proportion of drivers from Lothian and Strathclyde are more 
likely to drive to/from work than those from Orkney and Western Isles are. Drivers 
from Strathclyde are more likely to drive as part of their job than those from Orkney 
and Western Isles are. This appears to go against the findings of previous research. In 
a study of car dependence in rural Scotland, Farrington et al. (1998, p192) comment 
that; "Having access to a car was regarded as crucial to gaining and maintaining 
employment. " 
Proportionally fewer drivers from the 3 rural/island areas drive on shopping trips. 
While approximately 60% of drivers from Western Isles drive on shopping trips, this 
figure is approximately 90% for Lothian drivers. Similarly, a lower proportion of 
drivers from the 3 rural/island drive on social occasions. This figure is approximately 
65% for Western Isles drivers, and 94% for Lothian drives. A significantly higher 
proportion of drivers from Lothian drive on weekend breaks and annual holidays, 
than those from Orkney and Western Isles. 
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In terms of identifying factors associated with traffic accidents, a significantly higher 
proportion of drivers from the urban areas identified 'aggression' as one of the main 
contributors. 'Alcohol' was identified as a main contributor of accident involvement 
by a significantly higher proportion of drivers from Orkney, and Western Isles. The 
relative importance of contributors to accidents was also investigated at an area level. 
Drivers from Western Isles ranked 'aggression' as less important than drivers from 
other areas, while those from Orkney and Western Isles ranked 'impatience' as less 
important. The issue of 'speed' was ranked more importantly by drivers from 
Grampian, Orkney and Western Isles. 
Lothian and Strathclyde drivers viewed the streets where they live as less safe, for 
children and the elderly, than drivers from Orkney did. Lothian drivers were less 
likely to view traffic calming measures as unnecessary, and drivers from Highland 
were more likely view them as unnecessary. Drivers from Highland and Western 
Isles were less likely to agree that people should be encouraged to leave their cars at 
home. 
There are significant differences in the distance residents from different areas live 
from a variety of amenities. Drivers resident in the 3 rural/island areas are more 
likely to live within 1 mile of their work than drivers from the other areas. Drivers 
from Lothian and Grampian are more likely to live within 1 mile of; a primary 
school, children's playground, swimming pool/sports centre, and supermarket/ 
shopping centre. Drivers from Highland and Orkney are more likely to live more 
than 2 miles from a primary school, a children's playground and a swimming 
pool/sports centre. Drivers from Highland, Orkney and Western Isles are more likely 
to live more than 2 miles from a supermarket/shopping centre. 
6.10 POPULATION DENSITY 
As well as investigating the responses from drivers from different administrative 
areas, analysis was conducted based on the population density of areas where drivers 
live. This was carried out as the driving environment is different between high 
population density (HPD) areas, and low population density (LPD) areas. Road 
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types, traffic volumes, mode of transport, and vehicle speeds, vary according to the 
population characteristics of an area. The administrative areas described in Section 
6.9 include a mixture of less-densely-populated rural areas, and densely-populated 
urban areas such as cities and towns. For example, survey respondents experience 
considerable variation in population densities of postcode sectors in Strathclyde, the 
administrative area with the largest population in Scotland. Certain drivers in this 
administrative area live in a postcode sector in Glasgow City, with a population 
density of over 10,000 people per km2. Other Strathclyde drivers live in a postcode 
sector of Argyll & Bute, with a population density of less than 2 people per km2. 
Similarly, in Highland, the least densely populated administrative area in Scotland, 
drivers were identified as living in an area of Inverness with a population density of 
over 3,000 people per km2. Other Highland drivers live in an area of Sutherland with 
a population density of less than 1 person per km2. 
Changes to council boundaries and postcode sector identities had been made during 
Local Government reorganisation in 1996. As the population densities were derived 
from Census 1991 data, this information could not be determined for 100 Scottish 
drivers. This resulted in 793 drivers being identified at postcode sector level. The 
population density of these areas was calculated using Census 1991 data supplied by 
MIMAS (Table 6.10.1). 
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Identified at Mean 
Area of Residence Respondents postcode 
Percentage population 
sector level 
identified density 
(people/km2) 
Borders Region 33 33 100.0 21.89 
Central Region 46 43 93.5 100.82 
Dumfries & Galloway Region 31 30 96.8 23.05 
Fife Region 34 30 88.2 257.47 
Grampian Region 64 22 34.4 56.71 
Highland Region 269 243 90.3 8.07 
Lothian Region 100 95 95.0 420.84 
Orkney Islands Area 73 70 95.9 19.22 
Shetland Islands Area 2 1 50.0 15.11 
Strathclyde Region 156 145 92.9 161.76 
Tayside Region 28 24 85.7 50.86 
Western Isles Island Area 
(Eilean Siar) 57 57 100.0 9.43 
Outside Scotland / Unknown 104 
Total 997 793 88.8 
Table 6.10.1 Respondents identified at postcode sector level by area 
Almost two-thirds of respondents resident in Grampian could not be identified at 
postcode sector level due to the administrative changes. This is likely to have been 
the case for drivers living in the Aberdeen area in particular. 
The distribution of population density of the 793 postcode sectors is heavily skewed. 
The range is 0.25 to 11,818 people per km2. The mean number of people per 
postcode sector is 798 per km2, and the median is 25 people per km2. A natural log 
transformation produces a more symmetrical distribution (Figure 6.10.1). 
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Figure 6.10.1 Distribution of respondents by LN(Population Density) of postcode sectors 
In order that an analysis could be conducted on the relationship between population 
density and driver characteristics, the data from the 793 respondents was split into 
approximate quartiles. A comparison could then be made between drivers in the 
highest and lowest quartiles in terms of population density. There are 200 drivers 
from the Highest Population Density (HPD) postcode sectors, indicated in blue in 
Figure 6.10.1. There are 200 drivers from the Lowest Population Density (LPD) 
postcode sectors, indicated in green. The mean number of people per km2 in the HPD 
areas is 3,058, with a range of 312 to 11,818 people per km2. The mean number of 
people per km2 in the LPD areas is 4.28, with a range of 0.25 to 10.37 people per 
2 km. 
The 200 drivers from the HPD areas included residents from every administrative 
area of Scotland except Borders, Orkney, and Shetland (Table 6.10.2). The 200 
drivers from the LPD areas are represented by residents from every administrative 
area except Fife, Lothian, Tayside, and Orkney. As a consequence, residents of 
Orkney were not included in the analysis. 
Chapter 6. Scottish Driver Survey 169 
Area of Residence 
Highest Population Density 
Respondents Percentage 
Lowest Population Density 
Respondents Percentage 
Borders Region 0 0.0 1 0.5 
Central Region 11 5.5 7 3.5 
Dumfries & Galloway Region 3 1.5 5 2.5 
Fife Region 9 4.5 0 0.0 
Grampian Region 5 2.5 1 0.5 
Highland Region 11 5.5 115 57.5 
Lothian Region 78 39.0 0 0.0 
Orkney Islands Area 0 0.0 0 0.0 
Shetland Islands Area 0 0.0 1 0.5 
Strathclyde Region 66 33.0 41 20.5 
Tayside Region 8 4.0 0 0.0 
Western Isles Island Area 9 4.5 29 14.5 (Eilean Siar) 
Total 200 100.0 200 100.0 
Table 6.10.2 HPD and LPD postcode sectors (Number of drivers from administrative areas) 
6.10.1 Personal Characteristics of Respondents by Population Density 
There are no significant differences in the characteristics of drivers from HPD and 
LPD areas in terms of; sex, marital status, number of children aged less than 16 years 
old, and age when passed driving test. 
A significant difference was found between respondents from HPD and LPD areas in 
terms of age (p-value < 0.001). Respondents from LPD areas are significantly older, 
mean of 46 years old, than those from HPD areas, mean of 40 years old. There are 
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over twice as many 50+ year old drivers from LPD areas than HPD areas. Young 
people from LPD areas may be more likely to migrate to HPD areas in search of 
employment and other opportunities, while older people from HPD areas may retire 
to LPD areas. 
A significantly higher proportion of respondents from HPD than LPD areas reported 
having occupations in the higher SEGs. There are also significant differences in the 
highest educational qualification attained by respondents from different areas. 
Almost twice as many drivers from LPD areas than HPD areas reported no formal 
educational qualification. The number of drivers from HPD areas with a university 
education is significantly higher than from LPD areas. All 14 drivers with a PhD in 
the sample live in HPD. This is a similar finding to that discussed in Section 6.9.1, in 
that well-educated individuals from LPD areas are likely to move to other areas to 
improve their post-school and career prospects. 
Drivers from LPD areas are more likely to live in detached properties than drivers 
from HPD areas, and are less likely to live in terraced accommodation and flats. The 
mean number of occupants is approximately 3 people per property for both groups. 
There is a lower mean number of bedrooms in HPD properties, resulting in drivers 
from HPD areas experiencing higher levels of overcrowding than drivers from LPD 
areas. 
6.10.2 Driving Characteristics of Respondents by Population Density 
Drivers from LPD areas drive an average of 830 more miles annually than those 
from HPD areas (Table 6.10.2.1). This is not statistically significant due to the large 
variation in individual annual mileage reported (p-value > 0.05). 
Area Median Mean 95% C. I. 
HPD 12,000 11,540 10,210 -13,050 
LPD 12,000 12,370 10930 -13,990 
Table 6.10.2.1 Annual driving distance by areas 
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As expected, there is a significant difference between drivers from HPD and LPD 
areas in the proportion of driving they reported on different types of road (Table 
6.10.2.2). 
Road Type 
Urban Rural Motorway Total 
HPD 50.1 24.8 25.1 100.0 
LPD 18.1 73.6 8.3 100.0 
Table 6.10.2.2 Proportion of driving by road type 
A significantly higher proportion of drivers from HPD areas reported driving; 
'to/from work', and 'weekend breaks and annual holidays'. They were also more 
likely to be accompanied by; 'work colleagues', and 'only by children' on a proportion 
of their journeys. 
There is no significant difference in the proportion of drivers from the 2 areas in 
terms of what they regard as contributing factors to road traffic accidents. There is 
also no evidence of any differences in how these contributing factors are ranked in 
terms of importance. 
Drivers from HPD areas were more likely to make unnecessary journeys by car than 
drivers from LPD areas. 
A significantly larger proportion of drivers from LPD areas live within one mile of 
their workplace than drivers from HPD areas. Drivers from HPD areas were more 
likely to live within one mile of, a primary school, children's playground, swimming 
pool/sports centre, and supermarket/shopping centre. 
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6.11 MULTIPLE DEPRIVATION 
Having investigated the effects of area of residence (Section 6.9), and population 
density (Section 6.10), on driver behaviour, the effects of area affluence and 
deprivation are now considered. The index of multiple deprivation developed in 
Chapter 3 was used to identify the most affluent and most deprived postcode sector 
areas in which the drivers live. For the 793 drivers identified at postcode sector level, 
a measure of multiple deprivation was assigned based on area level characteristics. 
Such a measure was assigned to all respondents except those from Western Isles. 
This is because of postcode sector boundary changes made during Local Government 
reorganisation. This has resulted in an index of multiple deprivation being applied to 
the remaining 736 drivers from all other administrative areas of Scotland. This 
represents 73.8% of the total sample of respondents who completed and returned the 
questionnaire. 
The mean score of the New Deprivation Index (NDI) for the 736 drivers is -1.27 
(Figure 6.11.1). This indicates that the sample of drivers from the Scottish Driver 
Survey live in more affluent areas than the overall population of Scotland. This is to 
be expected, as car ownership is related to socio-economic factors. Individuals from 
relatively deprived areas are less likely to own a car, and hence to have taken part in 
the survey in the first instance. 
In order that an analysis could be conducted of the effect of multiple deprivation on 
driver behaviour, the data from the 736 respondents was split into approximate 
quartiles. A comparison could then be made between drivers living in the most 
affluent and most deprived areas. There are 175 drivers from the most affluent 
postcode sectors, indicated in green in Figure 6.11.1. There are 175 drivers from the 
most deprived postcode sectors, indicated in blue. The mean NDI score of the most 
affluent areas is -4.36, with a range of -8.56 to -2.71. The mean NDI score of the 
most deprived areas is 1.88, with a range of -0.08 to 16.1. This value of -0.08 implies 
that certain postcode sector areas identified as relatively deprived in this study, are 
actually more affluent than the mean level of affluence/deprivation for Scotland 
overall. 
Chapter 6. Scottish Driver Survey 173 
Figure 6.11.1 Distribution of respondents by NDI of postcode sectors 
As well as removing Western Isles drivers from the analysis, no drivers from Orkney 
(ti = 73), or Shetland (n = 2), live in the most affluent, or deprived, postcode sector 
quartiles. Therefore, no drivers from the 3 island administrative areas of Scotland are 
included in this analysis (Table 6.11.1). Drivers resident on other Scottish islands, in 
Highland and Strathclyde administrative areas, were included in the analysis. 
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Area of Residence 
Most Affluent Sectors Most Deprived Sectors 
Respondents Percentage Respondents Percentage 
Borders Region 
Central Region 
Dumfries & Galloway Region 
Fife Region 
Grampian Region 
Highland Region 
Lothian Region 
Orkney Islands Area 
7 4.0 3 1.7 
22 12.6 9 5.1 
3 1.7 7 4.0 
4 2.3 11 6.3 
12 6.9 1 0.6 
50 28.6 64 36.6 
46 26.3 16 9.1 
0 0.0 0 0.0 
Shetland Islands Area 0 0.0 0 0.0 
Strathclyde Region 20 11.4 59 33.7 
Tayside Region 11 6.3 5 2.9 
Western Isles Island Area 0 0.0 0 0.0 (Eilean Siar) 
Total 175 100.0 175 100.0 
Table 6.11.1 Most affluent and deprived postcode sectors (Number of drivers from areas) 
6.11.1 Personal Characteristics of Respondents by NDI Scores 
There are no significant differences in the characteristics of drivers from the most 
affluent and most deprived areas in terms of; sex, age, marital status, number of 
children aged less than 16 years old, highest educational qualification, age when 
passed driving test, and years of driving experience. A significantly higher 
proportion of respondents from affluent areas reported having occupations in the 
higher SEGs. 
J 
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There is no significant difference in; the type of property, number of bedrooms, and 
number of occupants, between drivers from the most affluent and deprived areas. As 
a result, their occupancy levels are similar in terms of number of occupants per 
bedroom. 
6.11.2 Driving Characteristics of Respondents by NDI Scores 
Drivers from the most deprived areas drive nearly 1,500 more miles annually than 
drivers those from the most affluent areas (Table 6.11.2.1). This is not statistically 
significant based on an independent sample t-test of the log transformed values (p- 
value > 0.1). A non-parametric test (Mann-Whitney) of the untransformed mileage 
data, also found no significant difference in annual mileage between the 2 areas (p- 
value > 0.1). 
Area Median Mean 95% C. I. 
Affluent 
Deprived 
12,000 
12,000 
11,920 
13,370 
10,820, - 13,130 
11,810 - 15,140 
Table 6.11.2.1 Annual driving distance by areas 
There is a significant difference in the proportion of driving completed on different 
types of road by the 2 groups of drivers (Table 6.11.2.2). Drivers from deprived areas 
complete a greater proportion of their driving on rural roads. 
Road Type 
Urban Rural Motorway Total 
Affluent 38.4 42.6 19.0 100.0 
Deprived 35.0 49.3 15.6 100.0 
Table 6.11.2.2 Proportion of driving by road type 
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Reasons for driving are similar for drivers from the most affluent and most deprived 
areas. There is also no significant difference in the type of passengers that 
accompany drivers from the different areas. 
There is a significant difference in the proportion of drivers from the different areas 
in terms of what they regard as contributing factors to traffic accidents. A higher 
proportion of drivers from the most affluent areas viewed 'congestion' as a major 
contributor to traffic accidents, than did drivers from the most deprived areas. 
Drivers from the most deprived areas reported that they were more likely to make 
journeys for the benefit of someone else. There are no significant differences in the 
distances between place of residence and a variety of amenities and services, for the 
drivers from the different groups. 
There is a significant difference (p-value < 0.01) in the scores of the fourth factor, 
identified in the factor analysis of attitudinal variables in Section 6.7. This factor is 
identified with 'personal driving responsibility', and was constructed from the 
variables regarding 'driving at a safe speed', and 'traffic being allowed to flow freely'. 
This suggests that drivers from the most deprived areas feel more responsible in 
terms of their own driving ability, than do drivers from the most affluent areas. 
6.12 SUMMARY 
Approximately one thousand drivers provided information about their personal 
characteristics, driving behaviours and attitudes, and accident involvement over a 3- 
year period. Comparisons of these responses were based on three measures; the 
administrative area in which the driver lived, the population density of the postcode 
areas in which they lived, and the level of affluence/deprivation associated with 
where they lived. Significant differences in personal and driving characteristics were 
identified based on these measures. An investigation of how all these factors are 
associated with accident involvement is reported in Chapter 8. In addition, 
information provided by respondents is used to construct a social exclusion index, 
and the effect of this on accident involvement is investigated. 
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Numerous issues have been identified in this chapter that are worthy of further 
investigation. This additional research was undertaken through a series of focus 
groups located in different geographic areas of Scotland, and is reported in Chapter 
7. 
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Chapter 7 
Focus Groups 
7.1 INTRODUCTION 
The aim of the Scottish Driver Survey was to provide information on factors 
affecting accident involvement, driving behaviours, and attitudes to road safety 
issues, for a number of administrative areas in Scotland. The availability of more 
detailed information, from a more limited sample, would assist in interpreting the 
initial findings from the survey. As a consequence, a series of focus groups were 
undertaken, and the findings would be of benefit for the following reasons: 
" the reliability of the survey responses could be verified, 
" particular issues associated with local driving conditions could be determined in 
greater detail, 
" issues related to social exclusion and road safety for children could be better 
understood. 
Initial analysis of the questionnaire responses had shown that there were significant 
differences in the annual mileage reported by respondents, and the reasons for 
driving in different administrative areas. In addition, the reasons given for accident 
occurrence and attitudes to certain road safety issues also differed according to the 
place of residence of respondents. Therefore a series of focus groups in different 
geographic areas of Scotland would provide the opportunity for investigating these 
differences and the other issues highlighted above. 
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Focus groups are an appropriate research technique when the interaction or 
discussion process itself is of interest (Morgan, 1988; Creswell, 1994; Hussey and 
Hussey, 1997). The following sections describe the background information on how 
the focus groups were conducted. This followed the methodology described by 
Krueger (1997), and Morgan (1997). Information is also provided on how the data 
gathered from the focus groups was analysed. Relevant comments made by the focus 
group participants are reported, and these are interpreted in terms of the main 
research objectives. 
7.2 FOCUS GROUP PARTICPANTS 
Respondents who completed the questionnaire were invited to indicate if they would 
consider taking part in follow-up discussions during the autumn of 2000, shortly after 
the majority of the questionnaires had been returned. Respondents were asked to tick 
a box on the front page of the questionnaire, and to provide their name and a contact 
telephone number. 
Overall 383 individuals (38.4%) indicated that they wished to be considered for the 
follow-up discussions by ticking the appropriate box and by providing a contact 
telephone number. Of these, 361 respondents (36.2%) were resident in Scotland. The 
responses are detailed in Table 7.2.1. 
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Area of Residence 
Wished to be considered for 
follow-up discussions 
Respondents Percentage 
Borders Region 14 42.4 
Central Region 18 39.1 
Dumfries & Galloway Region 14 45.2 
Fife Region 12 35.3 
Grampian Region 29 45.3 
Highland Region 105 38.9 
Lothian Region 43 43.0 
Orkney Islands Area 29 39.7 
Shetland Islands Area 2 100.0 
Strathclyde Region 67 41.6 
Tayside Region 12 40.0 
Western Isles Island Area (Eilean Siar) 16 28.1 
Outside Scotland 22 22.9 
Total 383 38.4 
Table 7.2.1 Respondents considered for follow-up discussions 
To investigate the issue of place of residence on questionnaire responses, suitable 
locations for focus groups were identified based on differences in the population 
densities of areas, and whether urban, rural or island areas. These would depend on 
the number of likely respondents who would participate in a focus group at a 
particular location. The number of respondents who wished to participate was 
identified at district or council level, and districts with at least 20 interested 
respondents were considered. It was anticipated that from approximately 20 
individuals it would be possible to identify 8-10 individuals who would agree to take 
part in each focus group, once a suitable location and time had been established. 
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The focus groups would take approximately 90 minutes on a weekday evening at a 
suitable location, as convenient as possible to minimise travelling distances for 
respondents. Three researchers from Napier University, Edinburgh, would conduct 
each focus group. Each focus group would be moderated by one of the author's 
research supervisors, as they had the necessary skills and had successfully moderated 
focus groups on previous research projects. The author would also take part in the 
focus groups, by presenting general findings from the survey, and taking hand- 
written notes of the proceedings. The third researcher would assist with logistics, 
record the meetings using a tape recorder, and also take hand-written notes that could 
then be compared to the author's to validate the responses and behaviours noted. 
Unfortunately due to the travelling expense and time involved it was not possible to 
conduct a focus group on one of the island groups. However, 3 suitable sites were 
identified on the Scottish mainland that were geographically diverse. The first focus 
group would take place in Thurso on the north coast of Scotland, a relatively rural 
area. There were 31 individuals from Caithness who had indicated a wish to be 
considered for such a discussion, and Thurso was the most central location to 
minimise overall travelling distances for respondents. The second focus group would 
take place in Edinburgh, as 29 respondents from the city had expressed an interest in 
participating. The third focus group would take place in Glasgow. While only 11 
individuals from Glasgow City had expressed an interest in such a discussion, there 
were approximately 20 other respondents from nearby districts who had also 
expressed an interest in taking part. 
On completion of the focus groups a comparison was made of the personal 
characteristics of the respondents who had taken part. This was done to ensure that 
the composition of each focus group was broadly similar, and therefore any 
differences in responses could not be attributed to personal characteristics. There was 
no evidence of any significant difference in the composition of the focus groups in 
terms of the sex of participants, or the mean age of participants. Occupation and 
highest educational qualification were also not significantly different between the 
groups. There was also no evidence of a significant difference between the groups in 
terms of their annual mileage driven, and their number of years of driving 
experience. 
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7.3 FOCUS GROUP LOGISTICS 
The location for the Thurso focus group was a hotel in the town on the evening of 
Thursday 19`h October 2000. The Edinburgh focus group took place at Napier 
University's Merchiston Campus on the evening of Tuesday 24h October 2000. The 
focus group in Glasgow took place in a city-centre hotel on the evening of Monday 
6`h November 2000. In each case a suitable conference room with a screen was 
required, so that a brief PowerPoint presentation of the initial findings of the survey 
could be made to the groups before the discussions commenced. 
The respondents were contacted by telephone approximately 8-10 days prior to the 
focus group to which they would be invited. They were reminded of the Scottish 
Driver Survey, and that they had completed the questionnaire and had indicated an 
interest in taking part in the follow-up discussions. Respondents were informed that a 
focus group would be taking place during the following week at a convenient 
location, and were given information on where and when the focus group would take 
place. The focus group would involve a brief overview of the survey findings, and 
that there would then be a general discussion on road safety issues, with 
approximately 8-10 other individuals, lasting for approximately 1 hour. Those 
individuals who indicated they would attend were informed that a small participation 
fee of a £10 book voucher would be paid, and any travelling expenses would be 
reimbursed. A letter confirming these details (see Appendix G) and a map of the 
location was then sent to those individuals who agreed to take part. 
Those individuals living closest to the location of the 3 focus groups were contacted 
first, until approximately 10-12 individuals had indicated that they would attend. At 
this point no further individuals were contacted, as a focus group with more than 8- 
10 people would prove problematic to moderate, and not necessarily provide the 
quality and depth of information sought. 
For the first focus group in Thurso, 10 individuals indicated that they would attend, 
and 9 participants arrived for the focus group on the night. For the Edinburgh focus 
group, 11 individuals indicated that they would attend the focus group and 9 
respondents arrived for the focus group on the night. For the final focus group in 
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Glasgow, 12 individuals indicated that they would attend the focus group and 6 
respondents arrived for the focus group on the night. The lower turnout in Glasgow is 
likely to be due to the fact that it rained very heavily in Glasgow throughout the day, 
and was still raining when the focus group commenced. 
In each case the focus group started at approximately 7: 30pm once all the 
respondents had arrived at the location. The moderator thanked the respondents for 
agreeing to take part in the discussion, and briefly explained what would be involved 
in the focus group. A brief PowerPoint presentation would be made on the general 
findings from the Scottish Driver Survey, and this would then be followed by the 
discussion period, lasting for approximately 1 hour. The discussion would be based 
on 6 general themes (see Appendix H for more information); 
" the local environment, 
" road user behaviour, 
" social exclusion, 
" children, 
" safety measures, 
" other general issues. 
A second brief PowerPoint presentation would then conclude the meeting, and this 
would provide a general summary of accident and casualty statistics in Scotland. 
This information was only provided after the discussion so as not to bias the 
participant's responses. 
7.4 VALIDATING SCOTTISH DRIVER SURVEY RESPONSES 
Before the discussion with the participants commenced, the respondents were asked 
to complete a "Driver Feedback" sheet that included the same statements as had 
appeared in the attitudinal section of the SDS questionnaire (Appendix I). The reason 
for this was twofold. In the first place it was to determine the reliability of the 
responses given by the respondents in the questionnaire. Secondly, similar responses 
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provided in the questionnaire and given at the focus groups would indicate that the 
participant's attitudes had remained consistent over time, and had not been 
significantly affected by external factors. This is important as the whole survey 
sample did not receive and complete their questionnaires at the same time. Therefore 
it was possible that while attitudes and perceptions of the whole sample were 
consistent, a difference in responses might have been observed had there been a shift 
in attitudes of the whole group. For example, had the media reported an important 
transport issue after part of the sample had completed and returned the questionnaire 
but before others had the opportunity to do so, a significant difference in attitudes 
might have been identified. This would not therefore have been a genuine area effect, 
as would have been identified in the analysis, but a shift in attitudes across all 
respondents. 
Of the 22 individuals that had completed the attitudinal section of the questionnaire 
and attended the focus groups, the responses of 19 (86.4%) of them were 
significantly correlated between their questionnaire and driver feedback sheet. This 
indicates that the responses given at the focus groups were consistent with those 
given in the questionnaire. Therefore, there was no evidence that the questionnaire 
responses overall were not reliable, and there was no indication that the respondents' 
attitudes had changed significantly over time. The mean response to the 15 attitudinal 
statements on the questionnaires was 3.23 (on a scale of 1 to 5), and for the focus 
groups was 3.32. A paired sample t-test indicates that there is no significant 
difference in the mean responses between the two instruments (Pearson Correlation 
Coefficient = 0.667, p-value > 0.1). 
Each of the responses to the 15 attitudinal statements were plotted for both 
instruments (Figure 7.4.1). Agreement between responses provided in the 
questionnaire and responses provided in the driver feedback sheet would be indicated 
by a high number of responses on the 1-1,5-5 diagonal. The number of responses for 
each pair of options is represented by the areas plotted. Answers at the extremes of 
the scales appear to be more consistent than more neutral responses, so those 
individuals who answered "strongly agree" or "strongly disagree" in the 
questionnaire tended to respond in the same manner at the focus group. 
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Figure 7.4.1 Responses to attitudinal statements from two instruments 
As well as measuring the relationship between a respondent's questionnaire 
responses with those at the focus group, these responses were also measured against 
those provided by the other respondents. This is because the validity of the individual 
statements could only be determined if there were significant differences in 
responses amongst individuals. Had all the respondents provided similar answers to 
the attitudinal statements then their suitability and value would have been in doubt. 
The number of significant cross-correlations between respondents was identified 
based on both questionnaire responses and those provided on the driver feedback 
form at the focus groups. The total number of unique pairs of correlations is 903. Of 
these, 199 (22.0%) result in significant correlations. Therefore, individuals tended to 
provide similar responses at the focus groups as they had on the questionnaire, but 
individuals tended not to give the same responses as other individuals. 
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7.5 RELIABILITY OF DATA RECORDING OF FOCUS GROUP 
RESPONSES 
Immediately after each focus group had been completed the three researchers 
involved discussed the important points raised, conclusions to be drawn, and any 
other relevant issues. Two of the researchers attending the focus groups had taken 
hand-written notes to complement the tape recordings of the interviews, hence there 
were 3 independent records of the discussions. These were compared and no 
significant differences were identified, thus verifying the overall reliability of the 
exercise. 
7.6 CONTENT ANALYSIS 
Each focus group provided approximately 60 minutes of tape-recorded discussion. 
This information was transcribed in full, and provided approximately 60 single- 
spaced typed pages of material, each focus group session providing approximately 20 
pages. Content analysis is essentially a quantitative approach to the analysis of a 
certain body of literature (Ticehurst and Veal, 2000). In this instance the document of 
the transcribed focus group discussion was analysed in terms of important keywords 
or phrases associated with the research topic. In addition, the context in which the 
keywords or phrases were used were also identified to take into account of positive 
and negative meanings etc. (Robson, 1993). The number of occurrences of these 
keywords or phrases was recorded for each of the 3 focus group locations to 
determine whether the same issues were viewed as important across the different 
geographic areas. 
An initial search identified 512 keywords or phrases in total reported by the 
participants of the focus groups. Of these, 277 were reported by the Thurso group, 
358 by the Edinburgh group, and 269 by the Glasgow group. Only 116 (22.7%) 
keywords or phrases were reported by all 3 groups, indicating large area differences 
in the importance of different issues related to traffic accidents and road safety. 
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However, the number of individual responses provided by the 3 groups to these 512 
keywords is significantly correlated between the groups (Table 7.6.1). 
Thurso Edinburgh Glasgow 
0.806 0.738 
Thurso " (0.000) (0.000) 
0.784 
Edinburgh (0-00 0) 
Glasgow r 
Table 7.6.1 Correlations of counts of 512 keywords 
The 512 keywords were then grouped into similar terms or areas and 62 separate 
classifications were identified. Grouping similar terms into a smaller number of 
classifications has increased the Pearson Correlation Coefficients between the groups 
(Table 7.6.2). Therefore, there appear to be more similarities between the 3 focus 
groups in terms of the general classifications than the specific keywords or phrases 
used by the groups. 
Thurso Edinburgh Glasgow 
0.843 0.804 
Thurso º (0.000) (0.000) 
0.838 
Edinburgh . (0,000) 
Glasgow " 
Table 7.6.2 Correlations of counts of 62 classifications 
These 62 classifications were then ranked by the overall frequency of comments 
made in the 3 focus groups, and the Spearman Rank Coefficients confirm the 
similarity in responses between the groups (all 3 p-values < 0.001). The 
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classifications and associated frequencies of the highest 20 were examined (Table 
7.6.3) 
Overall Thurso Edinburgh Glasgow 
Freq. % Freq. % Freq. % Freq. 
Driving experiences 330 8.9 91 9.6 159 9.5 80 7.2 
Road network 284 7.6 68 7.2 119 7.1 97 8.7 
Journeys made by children 241 6.5 46 4.9 83 5.0 112 10.1 
Convenience and importance 200 5.4 42 4.4 101 6.1 57 5.1 
of cars 
Thinking and understanding 166 4.5 52 5.5 60 3.6 54 4.9 
Reasons for people's actions 164 4.4 37 3.9 69 4.1 58 5.2 
People 158 4.2 46 4.9 89 5.3 23 2.1 
Location and physical 140 3.8 35 3.7 51 3.1 54 4.9 
environment 
Speeding 130 3.5 39 4.1 63 3.8 28 2.5 
Traffic accidents 121 3.3 15 1.6 66 4.0 40 3.6 
Places 109 2.9 21 2.2 58 3.5 30 2.7 
Driving test 92 2.5 53 5.6 28 1.7 11 1.0 
Driver behaviours 90 2.4 25 2.6 40 2.4 25 2.3 
Public transport 84 2.3 6 0.6 52 3.1 26 2.3 
Vehicle drivers 82 2.2 17 1.8 50 3.0 15 1.4 
Affluence/deprivation 74 2.0 21 2.2 16 1.0 37 3.3 
Road safety 72 1.9 27 2.9 25 1.5 20 1.8 
Time of day & month of year 68 1.8 25 2.6 26 1.6 17 1.5 
Schooling and education 65 1.7 10 1.1 29 1.7 26 2.3 
Young drivers and old drivers 60 1.6 29 3.1 16 1.0 15 1.4 
Table 7.6.3 Number (and %) of responses for highest 20 classifications 
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In total, 3,723 individual comments were recorded in the 3 focus groups covering the 
62 classifications identified. Over 73% of these comments were related to the top 20 
classifications. No single issue dominated overall, with participants most frequently 
commenting on their own 'driving experiences'. This accounted for 8.9% of all 
comments made. 
The Thurso group provided 945 individual comments covered in 55 classifications. 
Over 74% of their comments were related to the top 20 classifications overall, with 
'driving experiences' being the most frequent issue at 9.6% of all comments made. 
Compared to the other groups, the Thurso participants provided more comments on 
the 'driving test', particularly in terms of the importance of passing the test for young 
people living in rural areas. The issue of 'road safety' was commented on more 
frequently by this group than the others, and was 12th ranked issue, compared to 24h 
for Edinburgh and 20th for Glasgow. 
The Edinburgh group provided 1,669 individual comments covered in 59 
classifications. They made over 76% more individual comments than the Thurso 
group. As all 3 focus groups took a similar period of time to conduct, it appears that 
the Thurso focus group tended to discuss the issues in more detail than the 
participants from Edinburgh. Over 71% of the Edinburgh comments were related to 
the top 20 issues, with 'driving experiences' again being the most frequent issue at 
9.5% of all comments made. Compared to the other groups, the Edinburgh 
participants provided more comments on the 'convenience and importance of cars'. 
These comments tended to be related to the problems associated with persuading 
drivers to shift their travel mode to public transport to commute into the city centre. 
The Glasgow group provided 1,109 individual comments covered in 55 
classifications. Over 74% of the Glasgow comments were related to the top 20 
classifications, with 'journeys made by children' being the most frequent issue at 
10.1% of all comments made. The Glasgow participants frequently commented on 
the increase in parents driving their children to school instead of letting them walk, 
cycle, or use public transport. The issue of 'affluence/deprivation' was commented on 
more frequently by this group and was 9th ranked issue, compared to 16th for Thurso 
and 32nd for Edinburgh. 
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7.7 THE SIX GENERAL THEMES INVESTIGATED 
The discussions at each of the focus groups were based on 6 general themes; the 
local environment, road user behaviour, social exclusion, children, safety measures, 
and other general issues (Appendix H). The number of comments made on specific 
issues indicates that these particular issues were discussed in detail by each of the 
groups (Table 7.6.3). These 6 general issues have been examined to identify 
similarities and differences in the attitudes and beliefs of the members of the 
different focus groups. Examples of comments made by the participants provide 
evidence of these similarities and differences. 
7.7.1 Local Environment 
The local environment in terms of road layout, volume of traffic, and driver 
behaviour were identified as important contributors to accident risk for people 
travelling in each of the areas covered by the focus groups. In Edinburgh and 
Glasgow this was thought, in part, to be due to the marked increase in the volume of 
traffic and number of vehicles on the roads; 
"There's been a huge increase in the number of cars in Edinburgh in 
recent years and that must clearly affect the number of accidents that 
happen. I've been driving for about 15 years in Edinburgh and the 
increase in traffic from when I started driving to now is unbelievable. " 
(Edinburgh) 
The participants from the 2 city-based focus groups also cited the local road 
networks as areas of concern. Problems with the M8 in Glasgow and the Edinburgh 
City Bypass were mentioned in terms of particular problem roads. 
The introduction of 'Greenways' in Edinburgh to aid the movement of public 
transport through main routes into the city was believed to have altered the patterns 
of accidents in Edinburgh to a certain extent. Information about transport and travel 
schemes in Edinburgh can be accessed through The City of Edinburgh Council web 
site (http: //www. edinburgh. gov. uk). Traffic calming initiatives in Edinburgh were 
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also thought to be causing problems for drivers, although it was acknowledged by the 
participants that it was the behaviours of drivers and not the traffic calming measures 
themselves that were likely to cause problems. 
"You get the crazy situation where they've actually introduced slaloms 
and you get people almost charging towards each other to get through 
first. It's not the traffic-calming measures that are the problem, they're 
there to protect people. It's the motorists that are driving towards each 
other fastly trying to get in, it's not the calming measures that are causing 
the problems. " (Edinburgh) 
The responses from the Glasgow group towards traffic calming were generally more 
negative than those from Edinburgh were; 
"Traffic calming's a waste of time. What they've done in 
_ 
Road is 
there was a lovely wide thoroughfare, with parking available on both 
sides. They suddenly decided to break it up with traffic islands in the 
middle, and the pavements extend out on either side so that it actually 
channels the cars supposedly to make them go slower. No, this is a 
challenge for boy racers. " (Glasgow) 
It was also felt that the introduction of such measures might lead to an increased 
likelihood of dangers to children in certain situations. Members of this group also 
questioned the effectiveness of speed cameras in Glasgow. They were of the opinion 
that most of the speed cameras in Glasgow were placed on certain stretches of road 
where the revenue from speeding fines could be maximised. It was felt that speed 
cameras were not necessarily placed at the locations that would be beneficial to road 
safety; 
"I can name a dozen cameras in Glasgow where you think, "What on 
earth are they there for? " And you think, "If that's not just to make money 
why don't they move that one a mile down the road beside the school? "" 
(Glasgow) 
The increase in property values in Edinburgh was also thought indirectly to affect 
driving patterns in the area. As people were being pushed further out of the city 
boundaries in order to find affordable accommodation this might result in the 
average journey time to work, where the car is used, to increase. 
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While participants in Edinburgh and Glasgow noted that high traffic volumes were of 
concern, those in Thurso actually viewed the opposite situation as being a potential 
problem. The Thurso focus group identified the associated problems with single- 
track roads in particular, and the fact that people are inclined to speed once they 
come off single-track roads. Local drivers also reported increased impatience in the 
summer tourist season with strangers not knowing how to use a lay-by to let 
following traffic pass slower moving traffic. In addition, it was reported that it was 
very common to meet tourist vehicles parked in passing places on single-track roads, 
and that this can cause a tailback of traffic that can ultimately lead to feelings of 
frustration for drivers. An important issue reported by this group was that 
occasionally tourist traffic was prone to drive on the wrong side of the road; 
"I think that what is special here is the emptiness of the roads which have 
their own hazards in that people can drive too fast and that Continentals 
can drift onto the wrong side of the road and not realise. " (Thurso) 
The issue of driving on the wrong side of the road by tourist traffic was also 
mentioned in the Edinburgh focus group. 
The speed of vehicles was also a concern for the Thurso group, but one member 
acknowledged that the roads did appear to be safer following the introduction of a 
speed limit on one particular section of road. A conversation in the focus group 
reflected this; 
"Do you find the speed limit works? Because I get overtaken going down 
that road. " 
"Oh yes, but previously the person overtaking you would have been 
being overtaken. Anyway, I haven't had a cat killed since the speed limit 
went on, I'd lost a lot previously, so it has made a difference a 40 mile an 
hour limit. " (Thurso) 
A concern was expressed for younger drivers who perhaps don't have the experience 
of driving in a rural district, and who have to be particularly careful in terms of 
looking out for farm machinery and other slow-moving traffic. The general lack of 
high traffic volumes in the area was likely to lead to people forgetting to look for 
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traffic at junctions and other places as there is relatively little on the roads. It was 
suggested that this could clearly be a contributing factor to accidents in the area. 
All 3 focus groups reported the potential problems faced by drivers coming into each 
individual area and that unfamiliarity of the environment was likely to be an issue of 
concern in terms of road safety; 
I think the number of visitors coming into the city and visitors are not 
sure as to where they are going. I think that tends to cause probably not 
major accidents but the slight bumps. " (Edinburgh) 
Participants from Glasgow and Thurso also commented on the problems faced by 
strangers to the area, but also acknowledged that this was unlikely to be the main 
cause of traffic accidents. 
Drivers from Thurso were asked if they felt that the accident risk was higher locally 
than elsewhere in Scotland. While they thought that the accident rate would be 
similar they did consider that the severity of accidents would be likely to be more 
serious due to the increased driving speeds on quieter roads. Members of the 2 city- 
based focus groups repeated these impressions. 
The Edinburgh group thought there would be a relatively high number of minor 
accidents on local roads caused by high traffic volumes at low speed. This was not 
thought to cause a high number of serious accidents; 
"People are being distracted because it's a rapidly changing external 
environment, and they're not responding quickly enough to that. So 
you're getting a lot of minor shunts all the time. " (Edinburgh) 
There were similar responses from the Glasgow group, and both groups commented 
on the increasing problems of 'rat-runs' through residential areas. While it was 
acknowledged that this was a problem, one of the participants admitted this 
behaviour; 
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"If I see a quick way round somewhere I'll go round it even if it's a side 
road and I know that's wrong but if it's a quick way to go I'll still do it. " 
(Edinburgh) 
7.7.2 Road User Behaviour / Attitudes To Risk 
Both Edinburgh and Glasgow focus groups thought that drivers in Glasgow were 
more patient and polite on the roads than those from Edinburgh were, 
"I think drivers in Glasgow are actually quite polite compared to 
Edinburgh. Glasgow's like a big village, most of us know the streets, 
we've always lived here and we know it really well. I find Glasgow 
certainly a lot friendlier, being a wee bit more courteous. " (Glasgow) 
There were contrasting views between two of the Edinburgh participants on the 
behaviour of local drivers, particularly during peak traffic periods. However, one of 
the Edinburgh participants was keen to stress that drivers in Edinburgh are relatively 
well behaved, particularly compared to drivers encountered overseas; 
"I lived overseas for 20 years and I think that the behaviour of drivers in 
this city is quite amazingly good compared with the people that I was 
used to when I was overseas. " (Edinburgh) 
It was generally acknowledged from all the focus groups that there had been a 
general decline in the standard of driving over the years, and that driving on 
motorways in particular had deteriorated. 
One of the main reasons why accidents happen was noted as being through the 
relative inexperience of younger drivers; 
"I think that once they get a licence they think they can do anything. " 
(Thurso) 
"When you put age and experience together, the young inexperienced. " 
(Glasgow) 
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"I work in an F. E. college and in the last two academic years I have had 
10 of my students involved in car crashes, and that's really frightening. " 
(Edinburgh) 
However, it was acknowledged that for most drivers the only way to improve their 
driving skills would be through experience gained on the road; 
"It's down to experience, the only way to learn is drive. " (Thurso) 
Another issue of concern was that once drivers had passed their test they were 
unlikely to keep themselves informed of the laws of the road; 
"I hardly speak to anybody who will put their hand up and tell me they 
have ever bothered to open their Highway Code book after they have 
passed their driving test. " (Thurso) 
"I think the two main reasons are people are driving cars that will let 
them drive beyond their ability; and basic lack of either awareness of the 
roads or disregard of speed. It's basically really just throwing the 
Highway Code away when you pass your test. " (Edinburgh) 
Various options for restricting new drivers were discussed. The Thurso group 
thought that there could be some sort of intermediary stage for youngsters, or that 
they should be restricted in the type of car they drive. This was a point also 
highlighted by a member of the Edinburgh group who commented on the speed of 
modern cars to those that youngsters may have driven in previous years; 
"Young people are accessing, all be it small cars, but much faster cars 
than they were 20 years ago. " (Edinburgh) 
Other options include a restricted speed limit for a period of time, or a re-assessment 
after a fixed period of time. While it was suggested that more advanced driver 
training was likely to be extremely useful to inexperienced drivers, there was a 
problem in encouraging drivers to voluntarily take such courses, 
"You can take further more advanced training now which is very good. 
But I can tell you the uptake of it is dreadful. " (Thurso) 
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There also appeared to be a problem with peer pressure in that youngsters were being 
encouraged to pass their driving test as soon as possible. It was also noted that there 
was an increasing pressure on driving instructors to teach students to drive at 
relatively high speeds; 
"There's this thing about you mustn't be keeping people back. You must 
be doing up to the speed limit and young people can't interpret road and 
traffic conditions. They think "I've got to drive at 30 or I've got to drive 
at 60 or I've got to drive at 70. " And it doesn't mean that but that's how 
they interpret it. And I think it leads to a lot of problems. " (Thurso) 
"When I was at school and left in 1971/72 me and one other lad were the 
only folk that had passed their driving test in a class of about 40. Now 
my son's just passed his test, he's 17, and every last one of the lads has 
passed their test. I think that we've got to look at the amount of folk that's 
just pouring onto the road. That to me is an alarming statistic where 
every last one of the lads coming out of the school at 17 is now on the 
road. " (Edinburgh) 
While it was acknowledged that elderly drivers are likely to have a relatively high 
accident rate compared to other age groups, the relatively low mileages driven by 
older people was thought unlikely to result in higher accident numbers; 
"Driving today is totally different from driving 25 years ago. With 
respect, a lot of elderly drivers that are on the road now maybe passed 
their tests 50 years ago and some didn't even pass their tests. " (Glasgow) 
Generally it was not felt that there is a difference in accident involvement between 
male and female drivers. It was suggested that individual characteristics and 
behaviours could probably explain any differences; 
"I think that's a myth that females are better than males, I think it's just up 
to the individual. You get bad female drivers, you get bad male drivers. 
You are getting more and more women these days who have professions, 
out driving more. " (Glasgow) 
Another reason for accidents is the lack of concentration exhibited by drivers who 
may be involved in other tasks while driving; 
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"People are doing other things like this woman went by me, she was 
reading a book, as you do. You see other people on the motorway with 
maps. People are too concerned about what's going on in their little 
cabin. " (Edinburgh) 
However, it was generally felt that despite the fact that certain groups may exhibit 
more dangerous driving behaviours than others, the onus was on all vehicle drivers, 
regardless of their circumstances, to take care on the roads; 
"We've all got a great responsibility when we drive. We've all got to be 
responsible for our actions all the time whether we are 17 or 70. " 
(Thurso) 
Members of all 3 focus groups discussed the issue of cycling. The Thurso group 
reported that cycling before learning to drive or riding a motorbike could improve 
driving behaviour; 
"You learn an awful lot about road surfaces and traffic generally, and I 
think anyone who has ridden a bicycle for a few years is a long way 
towards driving safely if they are still alive. " (Thurso) 
However, a participant in the Edinburgh group viewed this issue from a different 
angle; 
"I think a lot of cyclists are an absolute nightmare and I think maybe a lot 
of cyclists don't drive so they don't really put themselves in other people's 
position. " (Edinburgh) 
The dangers of cycling in the first instance were noted by a number of participants; 
"I used to go on a bike quite a bit and I though it was one of the most 
dangerous things you'd go on. " (Thurso) 
The Edinburgh group felt that drivers should do more to accommodate cyclists and 
should give them as much room as any other vehicle on the road. The increased 
volume of traffic in Edinburgh has changed the relative safety of cycling over the 
years. The idea of cycling and cycle-lanes was viewed positively by the Glasgow 
group but the practicalities of cycling in such a busy city were highlighted; 
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"As regard cycle lanes, brilliant idea, get the cyclists out. I cycle myself 
and I thought, "Brilliant, this is fantastic". But you're cycling along and 
suddenly there's a parked car sitting on top of the cycle lane. And you 
can't use it so you've got to into the road and all the cars are then 
streaming past. And it's the worst thing they've done. You know, 
theoretically it should be great. " (Glasgow) 
Participants in all the groups commented on the relatively poor standard of public 
transport in Scotland compared to other European countries; 
"The government talks about an integrated transport policy and you don't 
see any such thing. You go into any big city on the continent and you can 
really see what an integrated transport policy is. " (Edinburgh) 
"There's no such thing as public transport up here. I know at 
_ 
there. 
There's no way of getting up and down, there's only the school bus now 
to Thurso and it's certainly not suitable for elderly folk to get down. " 
(Thurso) 
"It's little bits done here and little bits done there, they introduce 
Greenways, but they don't make it better for people not to take their cars. 
They don't improve public transport. " (Edinburgh) 
One of the Edinburgh group commented on the differences in public transport 
availability between urban and rural areas of Scotland. It was therefore 
acknowledged that people from certain areas would be likely to be more dependent 
on a car for transport, given the lack of suitable alternatives; 
"Urban compared to a rural setting where you have no choice but to drive 
your car. In Edinburgh you do have a choice. And the less people take 
their car the more people decide to use public transport the better public 
transport will become. " (Edinburgh) 
However, one Edinburgh participant provided a graphic example of how dependent 
on their cars city dwellers can be; 
"I know people who drive to the bus stop and then get the bus. It's a5 to 
10 minute walk but they say, "Well I can't spare that 5 or 10 minutes in 
the morning", so they'll take their car. " (Edinburgh) 
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When asked if road safety is improving in Scotland there were mixed responses from 
the focus groups; 
"I think road deaths are coming down through technology in terms of 
airbags, and seatbelts etc. You're not getting the same number of 
fatalities, you're getting a lot of morbidity about. " (Edinburgh) 
The Glasgow group thought the number of minor accidents had increased but that 
serious accident numbers were not on the increase, at least for vehicle drivers; 
"Congestion is causing more accidents. There's more bumps, that's all 
there is. Maybe if a pedestrian is involved. I don't think vehicle-to- 
vehicle accidents are all that serious because I don't think the traffic's 
really going that quickly. It can't because there are so many cars. It really 
is just frustrated little knocks. " (Glasgow) 
Similarly, the responses from the Thurso focus group were that there hadn't been a 
significant change in accident numbers over recent years. One issue of particular 
relevance to such a northern area of Scotland was the issue of introducing British 
Summer Time (BST) all year round. It was felt that this could significantly reduce 
traffic casualty numbers in rural areas in the north and west of Scotland, particularly 
for children; 
"When (BST) was tried the newspapers had a completely cynical and 
wicked attack on it, pointing out every child who was killed going to 
school in the dark mornings, and neglecting ones that weren't being killed 
in the brighter afternoons. On balance, far fewer kids were killed when 
they kept summertime all year round, because generally kids go straight 
to school whether it's bright or dark, and generally they fool around on 
the way home. But that was a totally cynical newspaper attack which I 
hold very much responsible. " (Thurso) 
The focus groups participants were asked if, in their experience, driving elsewhere in 
Scotland was different from driving locally, and whether accident patterns differed. 
The Edinburgh group reported witnessing a higher number of accidents locally but 
that those they encountered in more rural areas tended to involve higher speeds and 
more serious injuries; 
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"I travel all over Scotland and I see more accidents in Edinburgh than I 
do as I'm passing through those other little towns and villages. But they 
are more horrific, the accidents out there. It's got to be a factor of speed, 
hasn't it? If you have an accident at 60, somebody's going to die, if you 
have an accident at 30 there's going to be a dent in your car. " 
(Edinburgh) 
The participants were also asked if they thought that drivers were likely to change 
their behaviours when they travelled in different geographic areas of Scotland. 
Participants in the Glasgow group in particular gave conflicting responses when 
asked if local drivers took their aggression with them when travelling in more rural 
parts of the country; 
"They take their aggression with them. They take their impatience with 
them. " (Glasgow) 
"I don't think you take your aggression with you. I tend to relax. Actually 
I travel all over Scotland and you're not under so much hassle and 
pressure. I think it's just cities that cause aggression. Whether you mean 
to or not it just happens. " (Glasgow) 
Of particular concern to the Edinburgh and Glasgow groups was the behaviour 
exhibited by mothers with small children in prams and buggies. This was identified 
as a particularly worrying issue for drivers who reported that they feared the situation 
where the mother would push the pram or buggy out in front of her when attempting 
to cross a road; 
"Mums who push out their buggies. That terrifies me. The buggies are 
out in the road first. But then, as a mother, and having done exactly that, 
there is no way that you turn yourself round and you drag this pram 
across the back of you, you just don't do that. " (Edinburgh) 
"You get the wifey with the buggy. The first thing that goes into the road 
is the buggy, and it's quite scary. " (Glasgow) 
One of the Glasgow participants mentioned that the problem of walking off a 
pavement and on to the road was common amongst all types of pedestrians, not just 
parents with young children; 
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"I remember reading somewhere that Glasgow was the jaywalking 
capital of the land. Glaswegians just step right out there regardless. " 
(Glasgow) 
7.7.3 Social Exclusion 
The issue of social exclusion was discussed at all the focus groups. The levels of 
social exclusion experienced in the areas was reported as being different, with the 
Thurso group reporting lower levels of deprivation and social exclusion than in the 
Scottish cities; 
"I don't think we have it the same as cities. You go into Edinburgh and 
some of the areas there it's just a war zone. We don't really have that 
here. " (Thurso) 
I don't think we really know what real poverty is. The areas you're 
talking about in the cities, that's poverty. " (Thurso) 
They also felt that Thurso was experiencing fewer social problems than Wick, a 
similar sized town only 20 miles to the south-east. 
"Thurso's an area of very full employment thanks to the mess people at 
made which will take 50 years and a lot of money to fix. But this 
doesn't apply to Wick which has a large amount of unemployment, and 
there are really very few paid jobs and within farming, and with 
agricultural depressed prices there's genuine problems. I think these 
problems will increase. " (Thurso) 
The 3 groups identified a number of particular groups within the community who are 
likely to be adversely affected in terms of transportation and road safety. Single- 
parent families in particular were acknowledged as being disadvantaged; 
"There are very poor single-parent families and the only accommodation 
they get, at least for a while, is in a cottage somewhere in the country and 
if they haven't got a motorcar, can't afford a motorcar, they are very 
much cut off. " (Thurso) 
"In most poverty areas in Glasgow the kids are being left in the morning 
because mums have to go into work and they leave their kids with an 
older kid to take to school. A lot of these unmarried mothers, they've got 
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cleaning jobs and two jobs that they try and fit in when other people 
aren't working. " (Glasgow) 
"In certain areas when children come home from school there's nobody 
there in the house to meet them. In homes where there may be only one 
parent and that parent is working, children are just 'latch-key' children, 
and I wouldn't be surprised if it's in that situation where there's the most 
accidents for children. " (Edinburgh) 
However, it was noted that there could be safety benefits for children living in 
relatively deprived areas through the existence of social networks and more 
organised amenities; 
"But having said that, in communities there's a network. If you live in a 
community there's a lot more networking that can go on and you can 
leave your kids with friends, with neighbours. " (Glasgow) 
"You maybe find though that on the opposite side of the coin the growth 
in 'after school clubs' has probably had a positive impact on children 
who'd might otherwise have been at risk. " (Edinburgh) 
The Thurso group also identified the elderly population as being disadvantaged in 
such a rural area, in part due to the lack of suitable public transport facilities. Elderly 
women in particular could be severely disadvantaged due to their not being able to 
drive; 
"There's an elderly population here too and if the women didn't drive and 
the husband has to give up his car due to infirmity, then unless they still 
have family living close by then they have lost transport. " (Thurso) 
The physical and psychological problems associated with elderly people were also 
highlighted by an Edinburgh participant; 
"It can be difficult for elderly people crossing busy thoroughfares on the 
way to a shop or something like this. I think people are not fully aware of 
the problems of the elderly because your concentration probably 
decreases as you get older. " (Edinburgh) 
The issue of suitable public transport and social exclusion was discussed in the 
groups. The Edinburgh group thought that while the bus service in Edinburgh was 
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improving for those who are socially disadvantaged, transport facilities in other 
European countries are better than in Scotland,; 
"I think there is an issue about public transport and accessibility and if 
you go to some countries in Europe then their bus service is so much 
better and it is much more accessible for the likes of women with 
buggies, and disabled people which you don't generally get here. " 
(Edinburgh) 
The type of vehicle that different groups were likely to drive was thought to be 
important in terms of seriousness of injuries. Larger, more expensive vehicles were 
thought to offer more protection than smaller, cheaper models; 
"You're less likely to be injured in your Range Rover than your wee Fiat 
Panda. " (Edinburgh) 
A common theme that developed throughout all the focus groups was the increasing 
problem associated with parents dropping off and collecting their children from 
school. This was thought to differ between affluent and deprived groups within the 
community, and was viewed as being a significant factor in child accident rates; 
"An awful lot of the posher, richer parts of Glasgow choose not to send 
their children to the local secondary school or local primary school. They 
choose to send their kids to fee-paying schools, therefore they drive their 
kids to school. It's the kids that are in the poorer area that have no choice, 
who then have to walk to the local schools. " (Glasgow) 
Access to safe play areas was also identified as being an important factor for child 
safety on the roads; 
"If the kids can play unsupervised in the back green or the back garden 
it's a bit different from their staying in a poor area where as soon as they 
run out their front door it's a main road and your only play areas are out 
in the street. " (Glasgow) 
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7.7.4 Children 
The general increase in the number of children being driven to and from school was 
noted by all 3 focus groups; 
"An awful lot of it is to do with driving kids to school. If the kids didn't 
have to go to school by car then the roads wouldn't be so dangerous and 
the kids could walk. " (Glasgow) 
"There are kids in our square, the mum drops them off at school, it's 4 
minutes walk under a tunnel and yet they choose to drive and drop them 
off. " (Glasgow) 
"In a morning and in an afternoon when they're getting collected, the 
parents will insist on parking their cars on the yellow lines outside the 
school so that the lollipop lady hasn't a clue what's coming near her. Now 
that's the kids' parents and they pop them in the car and drive off and they 
just don't care, they really don't. " (Thurso) 
The relatively high number of children being driven to school instead of walking or 
cycling was identified as a relatively recent development; 
"I see this as a reasonably recent fashion within the last 10 or 15 years. 
My mum and dad didn't take me to school, I didn't take my daughter to 
school in the car. " (Glasgow) 
"Everything has been compounded, there's more cars on the road, there's 
more people taking their kids to school. It's all just in the last 15 years. " 
(Glasgow) 
While it was felt that the number of children being driven to school decreased once 
they went to secondary school, this tended to generate its own problems for drivers. 
It was thought that in rural areas in particular parents have little alternative but to 
drive their children to school. The lack of suitable public transport and the dangers of 
walking on rural roads were mentioned as reasons for driving children to school. 
"If the school won't provide transport you provide it yourself. " (Thurso) 
Children's safety can also be seriously compromised by the increasing use of 'rat- 
runs' through residential areas. Normally quiet streets where children walk and play 
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can quickly become dangerous environments, particularly when cars travel through 
at high speed; 
"I think people using rat-runs on what's normally a very quiet area at 
particular times. People go far too fast and I think that's a recipe for 
disaster. " (Edinburgh) 
"We should be teaching the drivers not to drive fast and badly through 
built-up areas, not having to teach the children to hide away from cars. 
The onus is not on the child. The onus is on the driver. " (Edinburgh) 
However, excessive speed was not restricted to drivers taking 'rat-runs' through 
residential areas to reduce their journey times. It was also reported that speed was an 
issue even in residential areas where drivers are not attempting to take a short cut. 
While concern was expressed about the driving behaviours exhibited by some drivers 
with respect to the safety of children, it was acknowledged that children themselves 
are not always capable of acting in a safe and responsible manner. It was reported 
that children do not exhibit the same physical and mental behaviours of older people 
particularly in terms of crossing roads safely; 
"Children can not judge distance. They're not physically capable of 
judging distance and making judgements that we can as drivers until 
about the age of 8 or 9, which is quite scary. Drivers assume that children 
react like adults and they physically can't. " (Edinburgh) 
Therefore, it was thought that drivers should be more aware of children's behaviours 
and alter their driving accordingly. 
7.7.5 Safety Measures 
The issue of road safety education for children was viewed as particularly 
problematic by the focus groups. While the road environment was acknowledged as 
being a dangerous place for children, most participants felt that children needed to 
experience this in order to learn first-hand about road safety and how to behave 
safely; 
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"My kids, who are 6 and 8, walk to school by themselves. Because it's a 
part of life I think that the kids need to learn. They've got to learn road 
safety. " (Glasgow) 
It was reported, however, that certain children exhibit deliberate dangerous 
behaviours, and that this can cause problems for vehicle drivers on the road; 
"These children who are being harmed have never had the parental 
impact in terms of road safety that they require. And some of those kids 
who have been harmed are being harmed because of acts of bravado with 
their pals because they do play 'chicken'. They see a car coming and they 
run out across the road just for the heck of it. " (Edinburgh) 
"The number of kids that just run across the road. And parents are 
walking across the road not at the pedestrian crossings or whatever, some 
of the parents are as bad as the kids. " (Glasgow) 
It was felt by some participants that the onus was too much on the driver and that 
even if a driver was to take particular care, children would not be blamed if they 
were to cause an accident with a vehicle; 
"If I was to knock down a child outside a school and I was doing 15 
miles an hour, the fact that I was doing 15 miles an hour would be 
ignored. It's the fact that I knocked down a child. " (Glasgow) 
"But no matter how annoying it is, if anything happens it's your fault. 
The driver has to take responsibility and that's the truth. " (Thurso) 
Certain safety initiatives from other countries were thought to be valuable in helping 
to reduce the risk to children on the road; 
"I heard recently about an initiative to introduce more school buses. In 
America there's always these yellow school buses everywhere. These 
clearly drive round, pick up all the kids, take them to school, saving the 
parents having to drive, cutting the number of cars on the road, also 
saving the kids 50p for the bus-fare as well I guess. That obviously 
would be an idea that could maybe help to reduce the number of cars that 
are increased by parents taking their kids to school because they think the 
roads are dangerous. " (Edinburgh) 
Road safety training for children was discussed by all the focus groups. It was 
generally felt that the standard of road safety training that was provided was of a very 
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high standard, but that increasingly the resources to continue this valuable education 
were not being made available; 
"I don't know who provides it for primary school children but I know 
there was a road safety officer employed here and that job was axed. " 
(Thurso) 
"Just speaking of my own two kids, one has just turned 13 and one's just 
turned 16, they've had no road safety training whatsoever. Other than 
their wee cycling proficiency award which lasted two days in school and 
that was going about in the school playground. Anything else came from 
my wife and I. " (Glasgow) 
In addition to the formal road safety training provided outside the home, the 
importance of effective education from parents was emphasised by members of all 
the focus groups. However, effective road safety training from parents was expected 
to be difficult to achieve given the high reliance on driving these days; 
"Children are used to just being bopped in a car and taken out of a car, so 
they haven't learned within the family to go for a walk on a Sunday 
morning to feed the ducks or get the paper or whatever, and learn how to 
cross the road. " (Thurso) 
Information about road safety in terms of televised public information films was one 
valuable feature that certain members of the Glasgow focus group could remember 
from their own childhoods. There was a feeling that there are fewer of these 
information films being shown on television to youngsters today; 
"Someone mentioned the 'Green Cross Code'. I remember Dave Prowse 
with that stupid big uniform of his. When was the last time anybody saw 
a public safety advertisement on television? " (Glasgow) 
"There is one, there is one, because there's a wee hedgehog going across 
the road at the moment and he's doing the John Travolta 'Staying Alive'. " 
(Glasgow) 
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7.7.6 General Issues 
Certain members of the groups felt that generally motorists and other groups with an 
interest in road transport are powerful in political terms. This was thought to lead to 
reluctance in the government to implement policies to curb driving in favour of 
alternative modes of transport. The increasing reliance on cars by the population was 
also thought to be likely to make the adoption of alternative travel modes unlikely 
without direct government action; 
"I believe we're too far down the road to ask people to leave their car at 
home. They have to force people out of their car. There's no alternative 
now. It's become too convenient for everybody. " (Edinburgh) 
"Cars are too important to people, cars are so important. It's the most 
important thing. " (Edinburgh) 
"It's just political, sort of half-way-house. Because they can't afford to 
turn round and say "Right, we'll make the entire city centre 
pedestrianised. " But they won't do it because people are far too used to 
the convenience, it would be politically unpopular. " (Glasgow) 
The focus groups also stressed the importance of the law being applied and upheld if 
improvements in driving behaviour and road safety were to be made, particularly as 
traffic volumes are increasing in Scotland; 
"If the law operated in this country there'd be no problem on the roads. " 
(Edinburgh) 
"I found that in the States, the people were much more law-abiding, when 
it came to driving behaviour. " (Edinburgh) 
"The speeding situation, to a lot of folk £60's just small change. Why 
don't they make it a really heavy fine? I would say points on your licence 
is more a deterrent than money. Because if you're in a job and you didn't 
have a clean licence, or if you go above a certain point, then it could have 
an affect on your job. That's what would worry me. " (Edinburgh) 
It was felt by the groups that while there had been improvements in vehicle safety 
over time, this was in some respects negated by the increased power and higher 
speeds available to car drivers today; 
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"I think people get in their car, put their seatbelt on and think, "I'm safe" 
and just go. Cars are technically safer now than they used to be but I 
think it gives them a very false sense of security. " (Thurso) 
There were many comments by all the focus groups on how the consumption of 
alcohol and drugs was thought to affect driving ability. They also discussed how 
attitudes to drink driving had changed over the years, and how drug misuse was 
increasingly causing them concern; 
"Youngsters are far more responsible than my age group because we 
were brought up that we could drink and drive, whereas youngsters, they 
just leave the car at home. They just never consider taking the car 
whereas we'd just say "Oh well. "" (Thurso) 
"There is no law against drinking and driving in this country. You can 
drink and drive if you want. There's a law against excessively drinking 
and driving. Drinking and driving has not decreased. What they need is a 
campaign 12 months of the year because from what I've seen drinking 
and driving has increased amongst all age groups. " (Glasgow) 
"Drugs are a worry. I was involved in an accident and I couldn't 
understand how it happened because I was on my own side of the road, a 
single-track road, and this car came round the corner and I got up onto 
the grass and he came 'smack' into the car. And I thought, "How on earth 
did you not get out of the way? " Because I had been far enough over on 
my side if he'd gone to the same distance on his side he'd have been all 
right. We were near a farm that we knew the people there and they also 
knew the other driver and it was only later on that evening that they said 
"He was stoned out of his mind. " Because it never occurred to me that 
there was no smell of drink and that was it, it was drugs. " (Thurso) 
It was felt by one of the Thurso group that Scottish roads were relatively poor in 
safety terms when compared to those of other industrialised countries; 
"I would say that the roads are as bad in Scotland than anywhere else I've 
driven. I've driven a lot this year on the Continent and Canada and I 
would say that Scotland's got some of the worst roads I've ever driven. 
That A9 especially at Inverness to Perth is just a serious, serious road. " 
(Thurso) 
The dangers of the A9 were also highlighted by members of the Edinburgh group 
who explained that as well as being a dangerous road in engineering terms, was also 
responsible for impatience and aggression experienced by drivers; 
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"On the main road up north from Perth to Inverness where you have 
periodic dual carriageways and then it reverts to the single way again it 
certainly releases the traffic at certain points. But then it builds up again 
and people become irritated and frustrated especially in the 
summertime. " (Edinburgh) 
7.8 SUMMARY 
A series of focus groups were conducted to validate the findings from the Scottish 
Driver Survey, and to provide more detailed information to assist in identifying 
differences in driver behaviours and attitudes in different geographic areas of 
Scotland. Three focus groups were conducted, one in the rural north of Scotland, one 
in Scotland's largest city, and one in Scotland's capital city. The responses provided 
indicate that the issues discussed at each focus group were broadly similar, although 
the relative importance of specific topics were established for all 3 groups. The 
number of comments made by the groups showed considerable variability, with the 
Edinburgh group reporting 76% more comments than the Thurso group. This 
suggests that the Thurso group provided more detailed comments than the other 
groups. 
The six general themes covered in each focus group indicate that there is general 
agreement between the residents of different geographic areas in terms of road safety 
issues, and travelling in Scotland in general. However, there are certain differences 
between the areas in terms of particular factors associated with road safety. In 
addition, participants identified factors associated with their local driving 
environment as being more important than general road safety issues affecting the 
whole country. It is therefore critical that policy-makers take account of the micro- 
environment when considering road safety initiatives. There is a danger that factors 
at the national level can hide important local variations. This issue is investigated in 
terms of accident risk in the next chapter. 
Information provided from the focus groups has validated the responses provided in 
the Scottish Driver Survey, and has established that there are geographic variations in 
the beliefs and attitudes of vehicle drivers in Scotland. It was therefore appropriate to 
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investigate the influence of geographic factors on driver accident risk, by analysing 
the spatial information provided in the survey, and accident involvement data 
reported by the respondents. The personal characteristics, behavioural and attitudinal 
data also provided in the survey, has also been investigated in terms of accident risk. 
In addition, the influence of spatial effects on casualty risk for different road user 
groups resident in Lothian has also been investigated. Chapter 8 is a discussion of the 
modelling approaches taken, and the suitability of the models identified in terms of 
being able to predict accident and casualty risk in Scotland today. 
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Chapter 8 
Modelling Casualty and Accident Risk 
8.1 INTRODUCTION 
Traffic casualty risk and traffic accident risk are two distinct, but related, issues. A 
traffic accident does not automatically result in a traffic casualty, although the 
statistical analysis conducted in this thesis is largely based on injury-only accident 
data supplied via police records. Traffic casualties, however, only occur when the 
casualty has been involved in some sort of traffic accident. 
There is a substantial amount of literature on the individual subjects, accident risk, 
and casualty risk. Both of these areas have been considered in their own right in this 
thesis, through extensive review of the literature, and by statistical analysis of 
appropriate data. The factors associated with traffic casualty risk in Lothian have 
been investigated in this chapter, in terms of information about the area in which 
casualties reside. The council area, population density of their postcode sector, and 
level of multiple deprivation of that sector, are all explored with respect to casualty 
risk for different groups of road user. Like casualty risk, an investigation of accident 
risk of Scottish-resident drivers is based on administrative area, population density, 
and level of multiple deprivation. In addition, personal characteristics, behaviours, 
and attitudes are also examined, through information provided by the drivers who 
completed the Scottish Driver Survey as described in Chapter 6. Unfortunately, 
similar personal information does not exist for traffic casualties. If it did, analysis 
similar to that described in relation to accident risk could be conducted. It would then 
be possible to identify the personal characteristics, behaviours, and attitudes, 
associated with casualty risk. 
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8.2 MODELLING APPROACHES 
Traffic casualty data from the Lothians was used to identify the effects of multiple 
deprivation and population density on the casualty rates experienced by different 
groups of road users. The interaction between these factors was also investigated, as 
this had been identified as a significant predictor of casualty rates in Chapter 3. 
Casualty data for 130 postcode sectors in the Lothians was analysed. Certain 
postcode sectors overlapped 2 different council areas, and in such cases they were 
combined to form a single sector. The level of affluence/deprivation associated with 
the new area was calculated by weighting the New Deprivation Index (NDI) on a 
population basis. The population density of the aggregated sector was based on the 
total population and total area of the combined sectors. This resulted in 124 postcode 
sectors being identified for the following analysis. These postcode sectors matched 
those covered by the police in Lothian and the casualty data recorded on STATS19 
forms. 
The mean population of these 124 areas is 5,845 individuals per postcode sector, 
with a range of 104 to 16,874 individuals per sector. Injury accidents are relatively 
rare events, and when exploring casualty rates it is necessary to establish 
appropriately sized population denominators. Therefore, those postcode sectors with 
fewer than 1,000 residents were removed from the analysis, as such low population 
denominators are likely to produce unreliable casualty rates. The postcode sectors 
with the 2 lowest casualty rates, per 10,000 population, have populations of 143 and 
284 people respectively. Similarly, the postcode sectors with the 2 highest casualty 
rates have populations of 257 and 104 people respectively. These rates will have a 
large influence on the results of Ordinary Least Squares (OLS) regression in 
particular. Removing the 9 postcode sectors, each with fewer than 1,000 residents, 
resulted in 115 postcode sectors remaining in the analysis. The population of these 
115 postcode sectors is 722,090. This is 99.5% of the population of Lothian, 
according to the 1991 Census, and 99.6% of the population covered by the police 
force in Lothian for traffic accident purposes. 
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The modelling approach adopted here is to investigate the influence of deprivation 
and geographic factors on casualty rates. OLS and Weighted Least Squares (WLS) 
regression are used, the latter to take account of the size of population in each 
postcode sector. Casualty rates in high population areas are more reliable than those 
in low population areas are, and as such it is suitable to weight those areas 
accordingly. The results from the WLS regression are described in the following 
sections. The results from the OLS regression were found to be similar to WLS 
regression and have not been reproduced in full. A summary of the results from both 
OLS and WLS regression are discussed in Section 8.3.7. 
An alternative approach to examining casualty rates is to investigate casualty 
numbers as the dependent variable. A Poisson regression approach is suitable for 
this, or when casualty rates are of a relatively small magnitude. However, the large 
population bases used at postcode sector level, and relatively long time-period for 
which casualty data is available, have resulted in casualty rates that approach 
normally distributed data. 
8.3 MODELLING CASUALTY RISK 
In Sections 3.4 to 3.6 an investigation had been conducted into the influence of, 
multiple deprivation, population density, and their interaction, on casualty rates in 
the most affluent and most deprived areas of Lothian. The three factors were found to 
be significantly associated with different types of casualty risk for those living in 
areas at the extremes of the affluent/deprived spectrum. The Pearson Correlation 
Coefficients, and associated p-values, indicate that these associations also exist 
between the three variables and casualty rates from all 115 postcode sectors in the 
current analysis (Table 8.3.1). 
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Popn. All Child 
NDI Interact All Cas. Drivers Pass. Peds. 
Density Child Peds. 
0.069 0.754 0.680 0.039 0.682 0.616 0.711 0.680 
NDI " (0.465) (0.000) (0.000) (0.682) (0.000) (0.000) (0.000) (0.000) 
0.109 0.200 -0.120 0.019 0.400) 0.145 0.323 
Popn. Density " (0.245) (0.032) (0.201) (0.840) (0.000) (0.122) (0.000) 
0.509 -0.029 0.527 0.488 0.587 0.551 
Interaction " (0.000) (0.758) (0.000) (0.000) (0.000) (0.000) 
0.452 0.794 0.792) 0.725 0.709 
All Casualties " (0.000) (0.000) (0.000) (0.000) (0.000) 
0.178 -0.045 0.082 0.003 
Drivers " (0.057) (0.633) (0.381) (0.972) 
0.485 0.670 0.494 
Passengers " (0.000) (0.000) (0.000) 
0.672 0.823 
Pedestrians " (0.000) (0.000) 
0.875 
All Children " (0.000) 
Child 
Pedestrians º 
Table 8.3.1 Pearson Correlation Coefficients of area characteristics and casualty rates 
Multiple deprivation, as measured by NDI, is significantly associated with all 
casualty groups except drivers. Population density of postcode sectors is associated 
with all casualty rates, all pedestrian, and child pedestrian casualty rates. The 
interaction term between these variables is significantly associated with all casualty 
groups except drivers. Apart from the all casualty group, of which they are a 
significant part, driver casualty rates are not associated with casualty rates of any 
other group examined. 
The influence of the council area in which the casualties reside was also investigated. 
This is because road networks, traffic volumes, modes of transport etc. are likely to 
be different in the City of Edinburgh Council than in more rural areas such as East 
Lothian Council. The following models have been identified with casualty rates for 
Edinburgh as the reference category. Dummy variables for East, Mid, and West 
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Lothian were entered into the regression models to determine the effect of living in 
one of these areas compared to Edinburgh. The population density and interaction 
variables were re-scaled by dividing by 10,000 to ease interpretation. An alternative 
approach is to standardise the data, however the skewed nature of the data does not 
improve the interpretation of standardised values. 
8.3.1 All Road User Casualty Rate 
The casualty rates of the 115 postcode sectors over the 7-year period were calculated 
for all road users, per 10,000 population (Figure 8.3.1.1). The Kolmogorov-Smirnov 
test indicates that the data is normally distributed (p-value > 0.1), and the dependent 
variable in the following models is the casualty rate for all road users, per 10,000 
population per year. 
Figure 8.3.1.1 Casualty rate for all road users (115 postcode sectors) 
WLS Regression 
The WLS regression model (Table 8.3.1.1) confirms the influence of area effects on 
all road user casualty rates. The New Deprivation Index (NDI) is a significant 
predictor of casualty rates at postcode sector level. Population density is not a 
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significant predictor of casualty rates, and this confirms the findings of the analysis 
conducted in Section 3.6. There is no interaction effect, even though this was 
significant in the comparison of casualty rates in the most affluent and most deprived 
areas. The WLS regression model gives a reasonable fit of the data (R-Squareadj. _ 
61.1%). 
Weighted Least Squares 
Variable Coefficient Standard T-statistic VIF p-value Error 
Constant 41.918 1.098 38.18 0.000 
NDI 1.466 0.168 8.72 2.6 0.000 
Population Density 1.362 2.039 0.67 1.5 0.505 
Interaction -0.449 0.439 -1.02 2.5 0.309 
East Lothian -5.871 1.653 -3.55 1.3 0.001 
Midlothian -3.770 1.671 -2.26 1.2 0.026 
West Lothian -0.316 1.428 -0.22 1.5 0.825 
Table 8.3.1.1 WLS regression variables for all casualties 
The WLS model identifies that East Lothian and Midlothian have significantly lower 
casualty risk for all road users than Edinburgh has. Based on the Variance Inflation 
Factors (VIFs) there is no suggestion of a significant problem of multicolinearity 
between variables. 
A plot of the standardised residuals against the fitted values was produced for each of 
the models described in this section. There is no evidence of any systematic pattern 
in these plots. The models identified that certain postcode sectors exhibited casualty 
rates significantly higher or lower than that predicted by the regression models. For 
example, the plot of standardised residuals against fitted values for the all road user 
casualty rates is displayed in Figure 8.3.1.2. 
Chapter 8. Modelling Casualty and Accident Risk 218 
a 
3 
I: z 
t 
x 
'ý o 
-t 
ý 
-z 
-3 
0 
" EH545 
EH4 5 
" 
"" "" 
.t 
om"S "" "t 
"" i 
10 20 30 40 
Fitted Values 
50 60 70 Rý0 
Figure 8.3.1.2 Standardised residuals against fitted values for all road user casualty rates 
An investigation was conducted to identify if the particular postcode sectors 
identified (EH545 and EH 4 5) exhibited any unusual characteristics in terms of the 
predictor variables in the regression analysis. No unusual features could be 
identified. Similar investigations were conducted for all of the regression models, 
however no link could be established between postcode sectors exhibiting high or 
low residuals and any of the predictor variables. 
For the all road user casualty rates, the modelling process was repeated to retain only 
the significant predictors of casualty rates (Table 8.3.1.2). All of the significant 
factors identified in the original model are significant at the 1% level in the 
simplified model. The R-Squareadj. value of 61.5% is slightly higher in the simplified 
model than the full model. 
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Weighted Least Squares (Simplified Model) 
Variable Coefficient Standard T-statistic VIF p-value Error 
Constant 42.305 0.537 78.83 0.000 
NDI 1.333 0.105 12.74 1.0 0.000 
East Lothian -6.085 1.465 -4.15 1.0 0.000 
Midlothian -3.950 1.505 -2.62 1.0 0.009 
Table 8.3.1.2 WLS regression variables for all casualties 
The simplified model indicates that casualty rates for all road are positively 
associated with the level of multiple deprivation of the area in which they live. 
Compared to residents of Edinburgh, residents of East Lothian and Midlothian 
experience significantly lower casualty rates for all road users combined. 
8.3.2 Driver Casualty Rate 
The casualty rates of the 115 postcode sectors over the 7-year period were calculated 
for driver casualties, per 10,000 population (Figure 8.3.2.1). The Kolmogorov- 
Smirnov test indicates that the data is not normally distributed. A log transformation 
produced a normal distribution of the data (p-value > 0.1). The dependent variable in 
the following models is the natural log value of driver casualty rate, per 10,000 
population per year. 
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Figure 8.3.2.1 Casualty rate for drivers (115 postcode sectors) 
W LS Regression 
The WLS regression model (Table 8.3.2.1) indicates that multiple deprivation, 
population density, and their interaction, are not significant predictors of driver 
casualty rates. Only population density was found to be significant in the analysis 
between affluent and deprived areas in Section 3.6. The regression model gives a 
poor fit of the data (R-Squaread;. = 16.3%). 
Weighted Least Squares 
Variable Coefficient 
Standard 
T-statistic VIF p-value Error 
Constant 2.860 0.036 80.35 0.000 
NDI 0.007 0.005 1.35 2.6 0.179 
Population Density 0.047 0.066 0.71 1.5 0.482 
Interaction -0.023 0.014 -1.62 2.5 0.108 
East Lothian 0.031 0.054 0.58 1.3 0.565 
Midlothian 0.049 0.054 0.91 1.2 0.365 
West Lothian 0.201 0.046 4.35 1.5 0.000 
Table 8.3.2.1 WLS regression variables for driver casualties 
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The casualty rate of drivers from West Lothian is significantly higher than that for 
Edinburgh residents. East Lothian and Midlothian have similar driver casualty rate 
profiles to that of Edinburgh. The modelling process was repeated to retain only the 
significant predictors of driver casualty rates (Table 8.3.2.2). The only significant 
predictor identified is the effect of being a resident of West Lothian compared to 
being a resident of Edinburgh. While still a poor fit of the data, the model with this 
single variable has an adjusted R-Square value of 17.2%, which is slightly higher 
than the full model. 
Weighted Least Squares (Simplified Model) 
Variable Coefficient 
Standard T-statistic p-value Error 
Constant 2.886 0.017 171.15 0.000 
West Lothian 0.188 0.038 4.97 0.000 
Table 8.3.2.2 WLS regression variables for driver casualties 
8.3.3 Passenger Casualty Rate 
The passenger casualty rates of the 115 postcode sectors over the 7-year period were 
calculated, per 10,000 population (Figure 8.3.3.1). The Kolmogorov-Smirnov test 
indicates that the data is normally distributed (p-value > 0.1), and the dependent 
variable in the following models is the passenger casualty rate, per 10,000 population 
per year. 
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Figure 8.3.3.1 Casualty rate for passengers (115 postcode sectors) 
W LS Regression 
The WLS regression model (Table 8.3.3. l) confirms the influence of area effects on 
passenger casualty rates. NDI is a significant predictor of casualty rates at postcode 
sector level (see Section 3.6, above). Population density and the interaction term are 
not significant, and this is a different finding from the earlier analysis in Section 3.6. 
The regression model gives a reasonable fit of the data (R-Squaread;. = 59.8%). 
Weighted Least Squares 
Standard 
Variable Coefficient T-statistic VIF p-value Error 
Constant 13.865 0.524 26.46 0.000 
NDI 0.576 0.080 7.19 2.6 0.000 
Population Density- -1.740 0.973 -1.79 1.5 0.077 
Interaction 0.145 0.210 0.72 2.5 0.476 
East Lothian -3.165 0.789 -4.01 1.3 0.000 
Midlothian -2.042 0.797 -2.56 1.2 0.012 
West Lothian -0.044 0.682 -0.07 1.5 0.948 
Table 8.3.3.1 WLS regression variables for passenger casualties 
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East Lothian and Midlothian have passenger casualty rates significantly lower than 
that of Edinburgh. West Lothian has a similar casualty rate profile to that of 
Edinburgh. The modelling process was repeated to retain only the significant 
predictors of passenger casualty rates (Table 8.3.3.2). All of the significant factors 
identified in the original model are significant at the 5% level in the simplified 
model. The R-Squareadj. value of 59.3% is slightly lower in the simplified model than 
the full model. 
Weighted Least Squares (Simplified Model) 
Variable Coefficient 
Standard T-statistic VIF p-value Error 
Constant 13.237 0.259 51.07 0.000 
NDI 0.618 0.051 12.23 1.0 0.000 
East Lothian -2.741 0.708 -3.87 1.0 0.000 
Midlothian -1.665 0.727 -2.29 1.0 0.024 
Table 8.3.3.2 WLS regression variables for passenger casualties 
The simplified model indicates that casualty rates for passengers are positively 
associated with the level of multiple deprivation of the area in which they live. 
Compared to residents of Edinburgh, residents of East Lothian and Midlothian 
experience significantly lower passenger casualty rates. 
8.3.4 Pedestrian Casualty Rate 
The pedestrian casualty rates of the 115 postcode sectors over the 7-year period were 
calculated, per 10,000 population (Figure 8.3.4.1). The Kolmogorov-Smirnov test 
indicates that the data is not normally distributed. A log transformation produced a 
normal distribution of the data (p-value > 0.1). The dependent variable in the 
following models is the natural log value of pedestrian casualty rate, per 10,000 
population per year. 
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W LS Regression 
The WLS regression model (Table 8.3.4. l) confirms the influence area effects on 
pedestrian casualty rates. NDI is a significant predictor of casualty rates at postcode 
sector level, as is the population density of the area. The interaction term is not 
significant, and this is a different finding from the analysis in Section 3.6. The 
regression model gives a reasonable fit of the data (R-Square;, dj. = 64.0%). 
Weighted Least Squares 
Variable Coefficient 
Standard 
T-statistic VIF p-value Error 
Constant 2.176 0.058 37.43 0.000 
NDI 0.075 0.009 8.39 2.6 0.000 
Population Density 0.382 0.108 3.54 1.5 0.001 
Interaction -0.035 0.023 -1.51 2.5 0.134 
East Lothian -0.335 0.088 -3.83 1.3 0.000 
Midlothian -0.145 0.088 -1.64 1.2 0.104 
West Lothian -0.347 0.076 -4.59 1.5 0.000 
Table 8.3.4.1 OLS regression variables for pedestrian casualties 
Figure 8.3.4.1 Casualty rate for pedestrians (115 postcode sectors) 
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East Lothian and West Lothian have pedestrian casualty rates significantly lower 
than that of Edinburgh. The modelling process was repeated to retain only the 
significant predictors of pedestrian casualty rates (Table 8.3.4.2). All of the 
significant factors identified in the original model are significant at the 1% level in 
the simplified model. The R-Squareadj. value of 63.1% is slightly lower in the 
simplified model than the full model. 
Weighted Least Squares (Simplified Model) 
Variable Coefficient Standard T-statistic VIF p-value Error 
Constant 2.126 0.050 42.12 0.000 
NDI 0.063 0.006 11.17 1.0 0.000 
Population Density 0.440 0.101 4.34 1.3 0.000 
East Lothian -0.290 0.085 -3.42 1.2 0.001 
West Lothian -0.291 0.071 -4.09 1.3 0.000 
Table 8.3.4.2 OLS regression variables for pedestrian casualties 
The simplified model indicates that casualty rates for pedestrians are positively 
associated with the level of multiple deprivation of the area in which they live, and 
the population density of the area in which they live. Compared to residents of 
Edinburgh, residents of East Lothian and Midlothian experience significantly lower 
pedestrian casualty rates. 
8.3.5 All Child Casualty Rate 
Modelling child casualty rates was conducted in a similar manner to that of the 
population overall. The child casualty rates for postcode sectors were calculated by 
using the child populations of these areas as the denominators. To avoid the problem 
associated with unreliable casualty rates from low population areas, 4 postcode 
sectors, each with child populations of less than 200 children per sector, were 
removed from the analysis. This resulted in the removal of 448 children from the 
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analysis. The remaining 135,743 children represent 99.5% of the child population in 
Lothian covered by the police for traffic purposes. 
The all child casualty rates of the 111 postcode sectors over the 7-year period were 
calculated, per 10,000 children (Figure 8.3.5.1). The Kolmogorov-Smirnov test 
indicates that the data is not normally distributed. Taking the square-root of all child 
casualty rates produced a normal distribution of the data (p-value > 0.1). The 
dependent variable in the following models is the square root of the all child casualty 
rate, per 10,000 children per year. 
Figure 8.3.5.1 Casualty rate for all child casualties (111 postcode sectors) 
WLS Regression 
The WLS regression model (Table 8.3.5.1) confirms the influence of area effects on 
all child casualty rates. NDI is a significant predictor of casualty rates at postcode 
sector level (see Section 3.6). Population density and the interaction term are not 
significant, and this is a different finding from the earlier analysis in Section 3.6. The 
regression model gives a reasonable fit of the data (R-Squareadj. = 56.9%). 
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Weighted Least Squares 
Variable Coefficient Standard T-statistic VIF p-value Error 
Constant 6.103 0.186 32.90 0.000 
NDI 0.199 0.028 7.04 2.6 0.000 
Population Density -0.014 0.344 -0.04 1.5 0.968 
Interaction 0.056 0.074 0.76 2.5 0.451 
East Lothian -0.445 0.279 -1.60 1.3 0.113 
Midlothian -0.295 0.282 -1.05 1.2 0.297 
West Lothian -0.585 0.241 -2.43 1.5 0.017 
Table 8.3.5.1 WLS regression variables for all child casualties 
West Lothian has an all child casualty rate significantly lower than that of 
Edinburgh. The modelling process was repeated to retain only the significant 
predictors of all child casualty rates (Table 8.3.5.2). Both of the significant factors 
identified in the original model are significant at the 5% level in the simplified 
model. The R-Squareadj. value of 56.7% is slightly lower in the simplified model than 
the full model. 
Weighted Least Squares (Simplified Model) 
Variable Coefficient Standard T-statistic VIF p-value Error 
Constant 5.998 0.089 67.05 0.000 
NDI 0.215 0.018 12.04 1.0 0.000 
West Lothian -0.497 0.200 -2.49 1.0 0.014 
Table 8.3.5.2 WLS regression variables for all child casualties 
The simplified model indicates that casualty rates for all children are positively 
associated with the level of multiple deprivation of the area in which they live. 
Compared to children resident in Edinburgh, West Lothian children experience 
significantly lower casualty rates. 
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8.3.6 Child Pedestrian Casualty Rate 
22ti 
The child pedestrian casualty rates of the 111 postcode sectors over the 7-year period 
were calculated, per 10,000 children (Figure 8.3.6.1). The Kolmogorov-Smirnov test 
indicates that the data is not normally distributed. Taking the square-root of child 
pedestrian casualty rates produced a normal distribution of the data (p-value > 0.1). 
The dependent variable in the following models is the square root of child pedestrian 
casualty rate, per 10,000 children per year. 
Figure 8.3.6.1 Casualty rate for child pedestrian casualties (111 postcode sectors) 
W LS Regression 
The WLS regression model (Table 8.3.6.1) confirms the influence of area effects on 
child pedestrian casualty rates. NDI is a significant predictor of casualty rates at 
postcode sector level, as is the population density of the area. The interaction term is 
not significant, and this is a different finding from the earlier analysis (Section 3.6). 
The regression model gives a reasonable fit of the data (R-Squaread;. = 62.8%). 
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Weighted Least Squares 
Variable Coefficient Standard T-statistic VIF p-value Error 
Constant 4.080 0.171 23.90 0.000 
NDI 0.222 0.026 8.52 2.6 0.000 
Population Density 0.887 0.316 2.81 1.5 0.006 
Interaction -0.059 0.068 -0.86 2.5 0.392 
East Lothian -0.722 0.257 -2.82 1.3 0.006 
Midlothian -0.170 0.259 -0.66 1.2 0.513 
West Lothian -0.526 0.222 -2.37 1.5 0.020 
Table 8.3.6.1 WLS regression variables for child pedestrian casualties 
East Lothian and West Lothian have significantly lower child pedestrian casualty 
rates than that of Edinburgh. Midlothian has a similar child pedestrian casualty rate 
to Edinburgh. The modelling process was repeated to retain only the significant 
predictors of child pedestrian casualty rates (Table 8.3.6.2). All of the significant 
factors identified in the original model are significant at the 5% level in the 
simplified model. The R-Squareadj. value of 63.1% is slightly higher in the simplified 
model than the full model. 
Weighted Least Squares (Simplified Model) 
Variable Coefficient 
Standard 
T-statistic VIF p-value Error 
Constant 4.020 0.146 27.61 0.000 
NDI 0.204 0.016 12.44 1.0 0.000 
Population Density 0.951 0.292 3.26 1.3 0.001 
East Lothian -0.667 0.244 -2.73 1.2 0.007 
West Lothian -0.454 0.205 -2.22 1.3 0.029 
Table 8.3.6.2 WLS regression variables for child pedestrian casualties 
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The simplified model indicates that casualty rates for child pedestrians are positively 
associated with the level of multiple deprivation of the area in which they live, and 
the population density of the area in which they live. Compared to children resident 
of Edinburgh, East Lothian children and Midlothian children experience significantly 
lower pedestrian casualty rates. 
8.3.7 Summary of Results 
OLS and WLS regression (full models) produced very similar results in terms of 
identifying area factors associated with casualty rates (Table 8.3.7.1). Models were 
constructed to predict the casualty rates of 6 groups of casualties. Four of these 
covered the entire population of the sample, all casualties, drivers, passengers, and 
pedestrians. Two of the groups investigated were children, all child casualties, and 
child pedestrians. The effect of deprivation on casualty rates was clearly identified 
for all groups except vehicle drivers. Population density is associated with pedestrian 
casualties for all ages combined, and for child pedestrians. 
Child 
All Drivers Passengers Pedestrians All Child 
Pedestrians 
OLS WLS OLS WI, S OLS WLS OLS WI, S OLS WIS OLS WI A 
*** *** *** *** *** *** *** *** *** *** N DI 
Popn. Density ** ** * ** 
Interaction 
East Lothian *** ** *** *** *** *** * *** ** 
Midlothian ** 
West Lothian ** *** *** *** 
R-Squareadj, (%) 54.5 ýI 1 8.5 16 53.3 ýv_y 62.5 64.1) 56.5 56 ') 64.6 6. ` x 
Table 8.3.7.1 Significant predictors of casualty rates by OLS and WLS regression 
*** <0.001 
** <0.01 
* <O. O5 
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There was no interaction effect between deprivation and population density. This is 
contrary to the findings in Section 3.6, where the interaction was found to be a 
significant factor for all road user groups except drivers. This may be because the 
urban/rural definitions used in Section 3.6 are different from the population density 
measure used in this analysis. In addition, the original analysis was investigating 
casualty rates only from the most affluent and most deprived areas. An interaction 
might well exist when measuring such extremes, but this then becomes confounded 
by other factors when the analysis is based on the complete set of observations. 
The council area in which the casualties reside is a significant factor for certain 
groups of road users. OLS regression indicates that East Lothian has significantly 
lower casualty rates than Edinburgh for all groups except vehicle drivers. This effect 
is lost for all child casualties when WLS regression is used. Findings from OLS 
regression indicate that casualty rates in Midlothian are lower than Edinburgh for; all 
casualties, passengers, and pedestrians. The effect on pedestrians is lost when WLS 
regression is used. West Lothian casualty rates are different, in that a significant 
difference in driver casualty rates was observed. Casualty rates of drivers from West 
Lothian are significantly higher than in Edinburgh. OLS and WLS regression 
indicates that pedestrian, all child, and child pedestrian casualty rates are 
significantly lower in West Lothian than in Edinburgh. Differences between the 
results from OLS and WLS regressions would need to be carefully considered by 
policy-makers in terms of resource allocation. 
Therefore, place of residence has an important influence on the casualty rates of 
different classes of road user. The administrative area in which the resident lives, and 
the population density of the postcode sector in which they reside, influence casualty 
risk for certain road user groups. The level of multiple deprivation of an area is a 
significant predictor of casualty rates, for all road user groups investigated except 
vehicle drivers. 
Individuals do not become road casualties without some interaction with a road 
vehicle. Having established the importance of area effects on casualty risk, factors 
associated with vehicle driver accident risk are now investigated. 
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8.4 MODELLING ACCIDENT RISK 
Information about the traffic accident involvement of respondents to the Scottish 
Driver Survey was provided in Chapter 6. In this section, accident involvement is 
modelled on information at the individual level, provided by respondents in the 
survey. This includes information about personal characteristics, and about driver 
behaviours and attitudes. In addition, area characteristics based on the Postcode 
Sector in which they normally reside are also included in the modelling process. 
Accident risk will therefore be determined in terms of; personal characteristics, 
driver behaviours and attitudes, and area characteristics. 
The total number of accidents reported by respondents, in the 3 years prior to them 
completing the questionnaire, was 184 individual accidents reported by 151 different 
drivers. Only 22 respondents reported being involved in more than one accident 
during this period. To simplify the modelling process, and to ensure the results are 
reliable, accident involvement is therefore only concerned with whether or not a 
respondent was involved in at least one accident over the 3-year period. 
8.4.1 Factors Influencing Accident Involvement 
Before commencing statistical modelling of accident risk, it is helpful to briefly 
consider the findings from other research discussed in Chapter 2. In particular, 
studies have investigated the effect of individual characteristics on accident 
involvement, such as sex, age, exposure in terms of reported mileage, years of 
driving experience, road and environment conditions etc. Maycock et al., (1991) 
found that accident liability is mainly dependent on exposure in terms of annual 
mileage, age, and years of driving experience. Similarly, Richardson et al., (1996) 
report that age is a significant predictor of the type of accident in terms of headoners, 
rollovers, sideswipes etc. Lester (1991) reviewed the literature in terms of the 
relationship between accident liability and psychological and social characteristics. 
While certain personal and social factors are consistently linked to accident 
involvement, relationships were difficult to identify for other factors, such as 
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personality and cognitive ability. All of these factors are now considered in terms of 
their influence on accident risk. 
Binary logistic regression is appropriate when the dependent variable has only two 
possible values. In this case, the values associated with accident involvement are 
either that the driver did, or did not, report being involved in an accident during the 
previous 3 year. A re-weighted least squares model is identified through an iterative 
process. 
A multi-stage modelling approach was adopted. In the first instance, logistic 
regression was used to identify the personal characteristics associated with accident 
involvement. Secondly, driver behaviour and attitudes were modelled on accident 
involvement. Then, area characteristics associated with where the driver lived were 
investigated. In addition, the effect of social exclusion was examined, by the 
construction of a crude Social Exclusion Index (SEI). Finally, the significant 
predictors identified from these 4 models were combined in an overall model of 
accident involvement. 
8.4.2 Personal Characteristics 
The relationship between accident involvement and personal characteristics was 
investigated to identify what factors are significant predictors of accident 
involvement. 
Sex of Driver 
There is no significant relationship between the sex of driver and their accident 
involvement (x2 = 0.24, d. f. = 1, p-value > 0.1). Approximately 15% of both males 
and females reported being involved in at least one traffic accident in the previous 
three years (Table 8.4.2.1). 
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No Accidents Accident Total 
Male 521 94 615 
Female 325 57 382 
Total 846 151 997 
Table 8.4.2.1 Accident involvement by sex 
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Age of Drivers 
The cumulative frequency plot of accident involvement by age indicates that accident 
involvement is associated with younger drivers (Figure 8.4.2.1). An independent 
sample t-test provides evidence that the age of respondents is a significant predictor 
of accident involvement (p-value < 0.001). 
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Figure 8.4.2.1 Accident involvement by age 
The mean age of respondents involved in accidents is approximately 39 years of age. 
This is approximately 5 years younger than the mean age of respondents not involved 
in an accident. 
Chapter 8. Modelling Casualty and Accident Risk 235 
Marital Status 
Over 23% of single drivers in the study reported being involved in an accident in the 
previous 3 years. This is compared to the 13% of non-single drivers who reported 
accident involvement, and this difference is significant (p-value < 0.001). This 
increased rate of accident involvement for single drivers will largely be a function of 
their relatively young age (see previous section). 
Number of Children aged less than 16 years old 
There is no significant relationship between accident involvement and whether or not 
respondents have any children aged less than 16 years old. The number of children 
they have is also not associated with accident risk. 
Occupation 
There is no significant relationship between occupation, as defined by SEG, and 
accident involvement. 
Highest Education Qualification 
There is no evidence that the Highest Educational Qualification attained by drivers is 
linked to accident involvement. 
Age when Passed Driving Test 
There is no evidence that the age at which drivers passed the driving test is linked to 
accident involvement. 
Driving Experience 
The number of years that respondents have been driving since they passed the 
driving test is a significant predictor of accident involvement (Figure 8.4.2.2). 
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Figure 8.4.2.2 Accident involvement by years of driving experience 
This association is significant (p-value < 0.001) and is likely to be a function of age, 
another significant predictor. The mean number of years of driving experienced by 
those reporting accident involvement is 18 years. This is compared to a mean of 23 
years of driving experience for those not reporting accident involvement. 
Housing 
There is no significant effect in terms of, type of house, number of bedrooms, 
number of occupants, or crowding, on accident involvement. 
Amenities 
Those drivers living more than I mile from their place of work exhibited 
significantly higher accident involvement than those who lived closer (p-value < 
0.01). This may be an effect of exposure in terms of their recorded annual mileage. 
Therefore this factor may not be significant once their annual mileage is accounted 
for. 
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Modelling Personal Characteristics 
Forward Logistic Regression was conducted to model the influence of personal 
characteristics on accident involvement. In addition to the characteristics mentioned, 
an interaction term between age and sex of respondent was also included in the 
model. This interaction has been identified with accident involvement in prior 
research (Maycock et al, 1991). The age at which respondents passed the driving test 
was removed from the analysis as this is a function of their age and driving 
experience. 
Age of driver was identified as a significant factor in accident involvement (p-value 
< 0.001). The other factors associated with accident involvement, marital status and 
driving experience, are not significant predictors once age of driver has been taken 
into account. The only other significant predictor of accident involvement is with 
regard to the distance between the respondent's home and their place of work. Those 
who live more than 1 mile from their workplace have a higher accident involvement 
(p-value < 0.001). Sex of driver, and its interaction with age, were not found to be 
significant predictors. The data set being analysed here is relatively small compared 
to that of Maycock et al. (1991) who analysed accident involvement reported by 
nearly 20,000 drivers. 
8.4.3 Driving Characteristics 
The effects of driving characteristics and attitudes were also investigated to 
determine their association with accident involvement. 
Annual Mileage 
Self-reported overall mileage is consistently associated with crash involvement 
(Elander et al, 1993). This is confirmed by the responses provided in the Scottish 
Driver Survey. There is evidence of a significant difference in annual mileage driven 
by respondents in terms of accident involvement (Figure 8.4.3.1). 
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Figure 8.4.3.1 Accident involvement by Ln Annual Mileage 
Those individuals involved in accidents drove approximately 2,400 miles per year 
further than those not involved in accidents (13,700 and 11,270 miles per year 
respectively). This difference is significant (p-value < 0.01) and indicates that 
increased exposure in terms of miles driven is a significant predictor of accident 
involvement. 
Road Type 
There is no evidence that the proportion of driving on urban roads, rural roads, and 
motorways, has any significant effect on accident involvement. The actual number of 
miles driven on all 3 road types is higher for those involved in accidents. These 
differences are not significant on an individual basis, but the combined total mileage 
is a significant predictor of accident involvement (see above). 
Reasons for Driving 
Respondents who drive to and from work are significantly more likely to be involved 
in accidents than those who do not (p-value < 0.001). This may be associated with 
the effect of higher annual mileage already identified. Similarly, driving as part of 
their job (p-value < 0.01), driving for social purposes (p-value < 0.01), and driving 
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on weekend breaks and holidays (p-value < 0.05), are all likely to be associated with 
high annual mileage. 
Passengers 
Respondents who drive unaccompanied for a proportion of their journeys, have 
significantly higher accident involvement than those drivers who are always 
accompanied (p-value < 0.05). As less than 4% of drivers are always accompanied 
on journeys, this effect is likely to be relatively unimportant once other driving 
characteristics are accounted for. 
Reasons for Accidents 
A significantly higher proportion of respondents who identified that 'speed' was one 
of the 5 major contributors to traffic accidents, were involved in accidents (p-value < 
0.05). This is not to imply that those accidents were as a result of driving at excess 
speed. However, this link has been established in other studies (Wasielewski, 1984; 
Elander et al., 1993; Parker et al., 1995a, Norris et al., 2000). Furthermore, traffic 
accident liability has been shown to be significantly related to the tendency to 
commit driving violations (Parker et al., 1995b; Lawton et al., 1997). Those who 
consider 'congestion' to be one of the 5 major contributors to traffic accidents 
exhibited higher accident involvement (p-value< 0.01). 
Driver Attitudes to Driving and Road Safety Issues 
There is no evidence that accident involvement is linked to driver attitudes in terms 
of the responses provided to the 15 statements on the questionnaire. There was a 
significant difference in the mean scores of the 5t' factor, 'convenience of car use, 
identified in the factor analysis, between those drivers who reported being in an 
accident and those who did not (p-value < 0.05). Compared to the whole sample, 
those involved in an accident reported a higher value on the 'convenience of car use' 
factor. 
The association between accident involvement and driver attitudes is therefore 
relatively weak. Assum (1997) also found a weak association between driver 
attitudes and accident risk, and that the relationship disappears once driver age is 
taken into account. However, Quimby and Drake (1989) found that attitudes to 
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driving behaviours and road safety issues were associated with accident involvement. 
A review of the literature by Lester (1991) concluded that while the studies reviewed 
provided evidence of a relationship between driver attitudes and accident 
involvement, the associations tended to be weak. 
Modelling of Driving Characteristics 
Forward Logistic Regression was conducted to model the effects of driving 
characteristics on accident involvement. Three factors were found to be significant 
predictors of accident involvement. Annual mileage reported by drivers (p-value < 
0.05), identifying 'speed' as a major contributor of traffic accidents (p-value < 0.01), 
and identifying 'congestion' as a major contributor of traffic accidents (p-value < 
0.05), were all associated with accident involvement. 
8.4.4 Area Characteristics 
The characteristics of the areas in which the respondents live were investigated with 
respect to risk of accident involvement. Three area measures were identified; the 
administrative area, the population density of the postcode sector in which the driver 
lives, and a level of affluence/deprivation associated with that postcode sector, as 
measured by the NDI. 
Administrative Area 
The proportion of drivers from different administrative areas that reported accident 
involvement ranged from over 23% of respondents in Strathclyde, to less than 4% of 
respondents from the Western Isles (Table 8.4.4.1). As there were only 2 drivers 
from Shetland these were excluded from the analysis. A Chi-square test of 
association approaches significance at the 5% level (x2 = 17.645, d. f. = 10, p-value = 
0.061). 
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No Accidents Accident Total 
Borders 30 3 33 
Central 39 6 45 
Dumfries & Galloway 29 2 31 
Fife 28 6 34 
Grampian 53 11 64 
Highland 228 41 269 
Lothian 82 18 100 
Orkney 63 10 73 
Strathclyde 120 36 156 
Tayside 25 3 28 
Western Isles 55 2 57 
Total 752 138 890 
Table 8.4.4.1 Accident involvement by administrative area 
Logistic regression was carried out with accident involvement of Highland as the 
reference category. This was done for two reasons. In the first instance, Highland is 
the administrative area with the highest number of respondents and hence the 
accident involvement rate for this area will be relatively reliable. Secondly, the 
proportion of drivers from Highland indicating accident involvement is 15%, and this 
is the same as the overall rate for the whole sample. An investigation was conducted 
to identify areas with relatively high or relatively low accident involvement, 
compared to Highland. 
Population Density 
As the population densities of the postcode sectors identified in the analysis were 
heavily skewed, the natural log values were taken. Drivers from postcode sectors 
with high population densities have a higher accident risk than those from low 
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population density areas. However, this difference is not statistically significant (p- 
value > 0.1). 
Multiple Deprivation 
The New Deprivation Index (NDI), developed in Chapter 3, was applied at postcode 
sector level across all 1,003 sectors in Scotland. A measure of affluence/deprivation 
was than applied to each of the Scottish-resident drivers via the postcode information 
supplied by the respondents on the questionnaire. While this index provided evidence 
of differences in casualty risk between affluent and deprived areas of Lothian, there 
is no evidence that multiple deprivation is associated with accident risk for the 
drivers in this analysis. 
Modelling Area Effects 
The only area measure significantly associated with accident involvement is the 
administrative area in which the respondent lives. Logistic regression compared 
accident involvement from the different areas with reference to drivers from 
Highland. Drivers from Strathclyde have significantly higher accident risk than those 
in Highland (Odds Ratio = 1.67, C. I. = 1.01,2.75), while drivers from Western Isles 
have significantly lower accident risk (Odds Ratio 0.20, CI = 0.05,0.86). The 
associated p-values are just significant at the 5% level, at 0.045 and 0.031 
respectively, and the 95% Confidence Intervals of the odds ratios are wide. 
Therefore, overall there is little evidence of area effects in terms of; multiple 
deprivation, population density, or administrative area effect. 
There are many factors that could be investigated in terms of identifying differences 
in accident involvement based on area effects. For example, the effects of available 
daylight in terms of GMT and BST could be investigated on a spatial basis, as could 
the effects of weather. Proximity to emergency services, accident response times, and 
the time taken to arrive at expert medical facilities, may also impact at an area level 
(Wyatt et al., 1997; Shaw et al., 2000; Coats and Davies, 2002). Educational 
programmes such as the training given to school pupils, the availability of traffic 
clubs, local safety initiatives, etc. are all likely to impact in some way at an area level 
(see Section 4.4). Similarly, the effects of traffic calming, 'greenways', 20-mph zones 
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etc. may influence driver behaviours and attitudes, and ultimately their level of 
accident risk. 
These particular issues are beyond the scope of this study. However, there is an 
opportunity to investigate the issue of 'social exclusion' on accident risk, through the 
information provided by respondents in the questionnaire. 
8.4.5 Social Exclusion and Traffic Accident Involvement 
The research methodology was extended beyond an investigation of multiple 
deprivation on accident involvement. Social exclusion is increasingly being seen as 
an important policy issue, both in Scotland and further afield (see Section 1.1.4 and 
Chapter 4). A comprehensive measure of social inclusion/exclusion would require 
information on many variables to be made available across a broad spectrum of 
areas. These would include; health and employment status, financial factors and 
earnings potential, personal and social opportunity, support from local and central 
agencies, measures of community participation, the effects of family relationships, 
the impact of crime, law and order, etc. Issues of safety, mobility, and isolation, 
would also need to be considered. Most of these measures are not only problematic 
to measure, but are also difficult to interpret. While such a comprehensive Social 
Exclusion Index does not yet exist, a relatively crude measure of social exclusion can 
be identified for the survey respondents. This measure is constructed using both 
individual and area factors outlined previously. 
Social Exclusion Index 
A Social Exclusion Index (SEI) has been constructed combining information based 
on 5 individual-level measures, and 2 area-level measures. 
Employment (Individual level) Respondents provided information about their 
occupation. These were categorised on a 5-point scale broadly similar to SEG 
groupings. A high score (low SEG) is likely to be associated with a relatively high 
level of 'social exclusion', through a lack of employment opportunity, lower prestige, 
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employment instability etc. This is contentious, in that high SEG groups may be 
associated with increased workloads and responsibilities, increased pressures, etc. 
Highest Educational Qualification (Individual level) Respondents provided 
information about their highest educational qualification. These were categorised on 
a 7-point scale. This ranged from 'no formal education' to 'PhD'. A low score is likely 
to be associated with high 'social exclusion', in terms of lack of opportunity 
associated with future career prospects. A low score is also likely to reflect a shorter 
period of time in education, and hence a lower likelihood of developing, and 
sustaining, beneficial relationships with peers. Again this interpretation is 
contentious. 
Distance to Amenities (Individual level) Respondents provided information on 
the distance from their place of residence; to their place of work, nearest primary 
school, nearest children's playground, nearest swimming pool/sports centre, and 
nearest supermarket/shopping centre. A composite score was calculated for each 
respondent in terms of a representative distance to all 5 amenities. A high score is 
likely to be associated with a relatively high level of 'social exclusion', based on the 
physical distance to amenities and services. 
Number of Occupants (Individual level) The total number of occupants in the 
respondent's property was requested. It is likely that a low score will be associated 
with a relatively high level of 'social exclusion'. This will be due to a lack of close 
contact with family members and/or friends in the first instance. It is also likely to 
inhibit social interactions in a wider context. For example, individuals living alone 
may not have cause to participate in school and educational activities, while those 
living in family groups, or with children, may be more likely to engage in extra- 
curricular activities. 
Occupancy Levels (Individual level) Occupancy levels were provided in 
terms of the average number of occupants per bedroom for the respondent's property. 
High occupancy levels are likely to be associated with lower net incomes, and hence 
higher'social exclusion'. However, this is also likely to be contentious, as individuals 
who could afford to move to a larger property may not choose to do so. 
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New Deprivation Index (Area level) A high score indicates a relatively high 
level of multiple deprivation in their postcode sector, compared to Scotland overall. 
This is likely to be associated with a relatively high level of'social exclusion'. 
Population Density (Area level) Population density is measured as the number 
of people resident per km2 at postcode sector level in Scotland. A low score is likely 
to be associated with a relatively high level of 'social exclusion'. This is due to the 
effects of mobility, isolation and remoteness. This is a contentious observation in that 
areas with low population densities may well exhibit stronger community identities. 
In addition, individuals living in high population density areas may feel their level of 
isolation exacerbated by the crowded nature of their environment. 
Constructing the Social Exclusion Index (SEI) 
The SEI takes account of individual and area characteristics, and is arguably based 
on a number of ambiguous assumptions. Of the 997 respondents in the survey, 719 
(72.1%) could be identified in terms of their postcode sector, and had provided 
information on the 5 individual variables and 2 area variables. It was necessary to 
transform 3 of these variables as the raw data was heavily skewed. A natural log 
transformation was carried out on; population density, occupancy levels, and number 
of occupants, variables. The 7 variables were then standardised, and to ease 
interpretation 3 variables were multiplied by -1, so that in each case a high score 
would be associated with relatively high 'social exclusion'. All 7 variables are 
therefore on the same measurement scale, and in each case a high individual score is 
interpreted as being associated with high 'social exclusion'. 
After calculating the Pearson Correlation Coefficients of the individual variables, and 
conducting Principal Components analysis, the 'occupancy levels' variable was 
removed. This variable was not significantly correlated to the SEI index, and its 
coefficient of the I" principal component is negative. High occupancy levels may not 
be associated with high social exclusion in any case. For example, in urban areas 
there may be high occupancy levels, but the occupants are socially inclusive. High 
property prices in such areas, and close proximity to jobs and educational facilities, 
may result in large family or household units choosing to remain where they are. The 
SEI was reconstructed based on the remaining variables (Table 8.4.5.1). 
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Variable 
Correlation 
p_value 
1" Principal 
Coefficient Component 
NDI 0.401 0.000 0.145 
Population Density 0.590 0.000 0.562 
Education 0.548 0.000 0.493 
Distance 0.490 0.000 0.402 
Occupants 0.379 0.000 0.103 
Employment 0.593 0.000 0.498 
Table 8.4.5.1 Pearson Correlation Coefficients of component variables and SEI 
The individual correlations, and coefficients of the Is' principal component, indicate 
that the composite SEI gives a reasonable representation of the 6 variables. However, 
the I' principal component only accounts for approximately one-quarter of the 
variation in the data. The SEI has a mean of 0.00 and a standard deviation of 3.00, 
with a range of -8.75, most socially included, to 7.11, most socially excluded (Figure 
8.4.5.1). The Kolmogorov-Smirnov test for normality indicates that the data is not 
quite normally distributed at the 5% level (p-value = 0.046), but a variety of 
transformations failed to improve this. 
Figure 8.4.5.1 Distribution of Social Exclusion Index scores for 719 Scottish drivers 
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Accident involvement was investigated with respect to the Social Exclusion Index of 
the drivers. There is no evidence of an association between SEI scores and accident 
involvement (p-value > 0.1). 
8.4.6 Combined Model of Accident Involvement 
Logistic regression has been conducted on 4 types of variable in an attempt to model 
accident risk. These are; personal characteristics, driving characteristics, area 
characteristics, and a measure of social exclusion. The few variables identified as 
significant predictors from the 4 models were entered into a combined model of 
accident involvement (Table 8.4.6.1). 
Logistic Regression (Highland as reference area) 
Variable Coefficient Standard Odds Lower CI Upper CI p-value Error Ratio 
Constant -5.986 1.540 
Age -0.036 0.010 0.97 0.95 0.98 0.000 
Ln Annual Mileage 0.448 0.152 1.57 1.16 2.11 0.003 
Work Distance > 
1.205 0.347 3.34 1.69 6.59 0.001 
I mile 
'Speed' as Accident 0.763 0.276 2.14 1.25 3.68 0.006 
Predictor 
'Congestion' as 0.832 0.369 2.30 1.12 4.74 0.024 
Accident Predictor 
Western Isles -1.684 0.765 0.19 0.04 0.83 0.028 
Table 8.4.6.1 Combined model of accident involvement 
All the variables entered into the combined model are statistically significant 
predictors of accident involvement at the 5% level. The figures indicate that younger 
drivers are more at risk of accident involvement than older drivers are, a finding that 
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is consistent with the literature. Similarly, higher annual mileage is associated with 
higher accident involvement, and again this finding corresponds with that of other 
researchers. The only significant area effect was the lower accident involvement 
experienced by drivers from Western Isles (Odds ratio = 0.19, CI = 0.04,0.83). The 
relatively low accident involvement of drivers from this area needs to be viewed with 
caution, as only 2 of 57 drivers reported accident involvement. The wide confidence 
intervals associated with the odds ratio reflect a high level of uncertainty associated 
with their accident risk. Had one more driver from Western Isles reported an accident 
their overall rate of accidents would not have been significantly different than in 
Highland. 
Overall, approximately 70 different variables were investigated in terms of their 
influence on accident risk. Only 5 have been found to be significant, and the 
combined regression model correctly identified what are generally accepted as the 
two most significant factors, age of driver, and the number of miles driven. The 
model has identified three additional factors, and given that the model was robust 
enough to identify age and mileage, these should be considered as potentially 
important factors. 
Accident involvement is higher for those who live relatively far from their 
workplace, even when their overall mileage has been accounted for. Similarly, 
drivers who consider'speed' and'congestion' as important factors in traffic accidents, 
also have higher accident involvement themselves. Research needs to be conducted 
to determine why these factors are significant, and identify the types of people that 
exhibit these characteristics. 
A predictive model linking driver characteristics and their accident involvement has 
been identified through logistic regression. The accuracy of this model is now 
compared to alternative modelling strategies based on data mining techniques. 
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8.5 DATA MINING 
The logistic regression model described in the previous section identified 
relationships between driver characteristics and their accident involvement. The 
model is relatively poor in terms of predictive accuracy, correctly identifying 
whether or not a driver reported being involved in an accident for only 62.0% of 
cases. The associated Cox & Snell R-Square value of the model is 5.1%. 
To provide a more detailed and accurate insight into the relationships between 
information provided in the Scottish Driver Survey and accident involvement, data 
mining was conducted using Clementine 6.0 for Windows. Data mining extracts 
information in such a way that relationships can be examined and the importance of 
variables in determining these relationships can be evaluated (Clementine 6.0 User's 
Guide, 2001). There are a variety of data mining techniques and the information 
extracted will depend on the approach adopted. In this section a selection of 
techniques are described and relevant examples are provided. 
Generating Models 
Models are generated in Clementine by processing data through a series of 
operations, as shown in the example in Figure 8.5.1. In this particular case the data 
provided by the survey respondents is passed through the stream and is then 
modelled using a variety of techniques. The models generated by this process are 
then interpreted and the relevant information highlighted. 
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Figure 8.5.1 Clementine modelling stream 
The benefit of a data mining approach is that large volumes of data can be 
interrogated and different facets of the data can be explored. The level of accuracy if 
the models can often be improved by conducting more detailed analysis, although 
this will tend to provide relatively complex solutions. The following examples are 
based on relatively simple modelling approaches to ease interpretation. 
Decision Tree 
A decision tree describes particular subsets of the data. Exactly one prediction is 
possible for whether or not a driver reported an accident involvement. The 
statistically significant variables from the logistic regression model were modelled 
accordingly, and the following decision tree was identified; 
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The first decision (highlighted) indicates that high mileage drivers, aged less than or 
equal to 24 years, and who reported that `speed' is a major contributor to traffic 
accidents, are associated with accident involvement. From this particular example it 
is possible to identify and investigate factors of interest that might otherwise have 
been overlooked had a more formal statistical approach been taken. The level of 
information provided for each individual rule can be expanded and other factors of 
interest can be included in the modelling approach. 
Rule Building 
Another approach is to generate association rules that relate a particular outcome 
(accident involvement or not) with a set of conditions. The following rule-set is 
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based on the personal information provided by the survey respondents and their 
accident involvement, 
? ilea 
Accident Yes <= YearsDriving < LnMiles > 9.076 (156: 14.648%, 0. C1) 
Accident = = No <= LnMiles < 9.076 & Educ ation 0 4.5 (152: 14.272%, 
0. -cident = = Yes <= Age < 24.5 & LnMiles > 9.185 (122: 11.455%, 0.8]) 
.. -cident = = 
Yes <= LnMiles > 9.132 & Age < 24.5 (122: 11.455%, O. Y4; 
. ccident = = No <= Sex == Male & LnMiles < 9.132 (80: 7.512%, 0.86) 
. icident = = No <= Education < 1.5 & NDI < -1.385 (71: 
6.667%, 0.92, 
,, cident = = No <= LnMiles < 9.076 & LnMi les > 8. 817 (45: 4.225%, 1. ß. ) 
-ident = = No <= SEI ? 2.594 & LnMiles ý 9.132 (43: 4.039%, 1.0) 
In this situation the 2"d rule (highlighted) associates accident involvement with a low 
level of driving experience and a high annual mileage. This applies to 156 drivers in 
the data set, and this rule correctly predicts accident involvement for 81% of the 
respondents reporting these driving characteristics. Again this analysis can be 
expanded to increase the number of variables examined, the number of rules 
generated, and the number of antecedents included. 
Neural Networks 
Neural networks link input variables to generate a new level of variables (neurons) 
that can again be combined to form a further layer of variables. The output layer 
(reported accident involvement or not) provides feedback information that allows the 
model to improve its accuracy by changing the weights of the variables through an 
iterative process. The following neural network is based on the personal information 
provided by the survey respondents and their reported accident involvement, 
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Input Layer 10 neurons 
Hidden Layer #1 13 neurons 
Hidden Layer #2 :7 neurons 
Hidden Layer #3 :3 neurons 
Output Layer 1 neurons 
Predicted Accuracy : 87.99% 
Relative Importance of Inputs 
Education 0.82081 
SEG : 0.77480 
Age 0.69016 
LnZiles 0.68697 
SEI : 0.68595 
NDI 0.68445 
LnPop. Density 0.61229 
YearsDriving : 0.58199 
Sex 0.52959 
Single : 0.45881 
There are 10 input variables that combine to produce a second layer of 13 neurons, 
that again combined to form a layer of 7 neurons, that produce a final layer of 3 
neurons. This neural network correctly predicts accident involvement or not for 
approximately 88% of the drivers in the sample, a higher success rate than the 62% 
provided by the logistic regression model. The relative importance of the input 
variables is provided, with education and SEG being identified as more important 
than age and annual mileage. This is a different finding from the logistic regression 
described in the previous section. Therefore a variety of modelling approaches 
provide a deeper insight into the relationships that exist than conventional statistical 
modelling alone. 
8.6 SUMMARY 
Casualty involvement and accident involvement have been investigated in this 
chapter. Casualty involvement was examined based on the area characteristic 
provided at postcode sector level. There was no relevant individual-level data 
available in this investigation. Accident involvement, however, was examined in 
terms of both area- and individual-level information. 
Results of the analysis using different regression techniques, indicates that casualty 
involvement is strongly associated with area-level characteristics. Accident 
involvement is not. Accident involvement is associated with certain individual 
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characteristics, and from the logistic regression three of these need to be examined in 
greater depth. Alternative approaches using data mining techniques have shown that 
the relationships between many of the variables gathered and accident involvement 
are more complex than suggested by the logistic regression alone. Data mining will 
benefit similar studies, particularly when large data sets are involved, as it is possible 
to explore important relationships that may otherwise be missed through more 
conventional investigative means. 
Analysis of responses from the Scottish Driver Survey (Chapter 6) and the follow-up 
focus groups (Chapter 7) indicate that important local area factors do exist in terms 
of driving behaviour and attitudes to road safety. However, when considering 
accident involvement, such local variation is not significant when other factors are 
considered. 
Therefore, policies aimed at reducing accident and casualty risk should be applied 
with caution. In terms of accident risk, remedial measures should be targeted at the 
individual, not the area. Casualty risk, on the other hand, will benefit from area-level 
policies. Research needs to be carried out to investigate the personal characteristics 
associated with casualty risk, as it was with accident risk in this thesis. Only then will 
we have a more complete picture of the factors associated with accident and casualty 
risk. 
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Chapter 9 
Summary and Conclusions 
9.1 SUMMARY OF THE RESEARCH 
Traffic casualty rates in Scotland have been falling steadily in recent years, 
particularly in terms of fatalities and serious injuries. However, fatality rates per head 
of population remain higher in Scotland than in England & Wales, and child 
pedestrians are at particular risk on Scottish roads. To better understand the pattern 
of casualty risk amongst vulnerable road users in Scotland, an investigation was 
conducted to identify, and quantify, the effects of various factors on traffic casualty 
risk. A similar investigation was conducted on factors associated with traffic accident 
risk, to determine to what extent casualty risk and accident risk are related, or 
whether they are influenced by different factors. The findings from such a study will 
aid policy-makers to better understand the issues associated with casualty risk and 
accident risk, and hence the allocation of scarce resources to address these important 
issues can be targeted more effectively. 
In this thesis the relationships between area characteristics and traffic casualty risk 
for different road user groups have been examined. The relationship between 
multiple deprivation at the area level and casualty risk was based on a case study of 
Lothian, Scotland. The association between an area's population density and its 
casualty rates for different road user groups was also examined, as a proxy for the 
effects of living in urban areas compared to living in rural areas. The interaction 
between multiple deprivation and population density was also explored. 
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To assist in identifying causal factors associated with accident and casualty risk in 
Scotland, an extensive review of the relevant literature was conducted. This review 
identified to what extent casualty risk was associated with area level and individual 
level factors. To validate the findings from this review of the literature, an analysis of 
casualty data covering the whole of Britain was examined, with particular reference 
to child traffic casualty risk. The analysis identified significant personal 
characteristics associated with traffic casualty risk for children. However, 
information about their behaviours associated with casualty involvement, their 
attitudes to road safety, and detailed socio-economic information, does not exist at 
the level of the individual. 
However, the link between personal, behavioural, attitudinal, and socio-economic 
factors and traffic accident involvement was examined, through a survey that 
gathered information from Scottish-resident drivers. In addition, a series of focus 
groups was carried out to compliment the quantitative analysis. The focus groups 
were conducted to verify the reliability of the survey responses, and provide detailed 
information about road safety issues in the local environment, and examine the 
influence of social exclusion on road safety issues at a local level. 
Information provided by the focus groups validated the responses provided in the 
survey, and established that there are geographic variations in the behaviours and 
attitudes of vehicle drivers in Scotland. It was therefore appropriate to investigate the 
influence of geographic factors on driver accident risk, by analysing the spatial 
information provided in the survey, and accident involvement data reported by the 
respondents. The personal characteristics, behavioural and attitudinal data also 
provided in the survey, was also investigated in terms of accident risk. 
The influence of spatial effects on casualty risk for different road user groups 
resident in Lothian was also examined. This is because traffic casualty risk and 
traffic accident risk are two distinct, but related, issues. A traffic accident does not 
automatically result in a traffic casualty, although the statistical analysis conducted in 
this thesis is largely based on injury-only accident data supplied via police records. 
Traffic casualties, however, only occur when the casualty has been involved in a 
traffic accident. In this thesis the relationship between various factors and traffic 
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casualty risk has been examined. The relationship between various factors and traffic 
accident risk has also been investigated. By identifying that casualty risk and 
accident risk may be influenced by different factors, measures can be taken to 
effectively reduce both casualty and accident risk by targeting resources accordingly. 
9.2 RESEARCH FINDINGS 
A statistical investigation has revealed that casualty risk is higher for residents from 
deprived areas compared to those from affluent areas. The casualty risk of drivers is 
similar between residents from the two areas, however a lower level of car ownership 
in deprived areas is likely to hide the fact that those individuals that do have access 
to a vehicle are likely to be at relatively high risk. An investigation of accident risk 
based on the methodology developed by Haight (1970,1973) provides evidence that 
drivers from relatively deprived areas have a higher accident risk than those from 
relatively affluent areas. This methodology was shown to be sensitive in identifying 
relative accident risk, and this finding needs to be confirmed through more robust 
research methods (see Section 3.4.2). Vulnerable road user groups from deprived 
areas are particularly at risk of casualty involvement. This is the case for pedestrians, 
children, and particularly child pedestrians. 
The effects of population density of the areas in which casualties lived has also been 
investigated. Population density has a significant association with casualty risk for 
pedestrians, all children, and child pedestrians. Casualty risk is higher for these road 
user groups if they live in high population density areas than if they live in low 
population density areas. 
The effect of the interaction between affluent/deprived areas and urban/rural areas on 
casualty rates was also examined. For the majority of road user groups, casualty rates 
are similar for those living in affluent urban areas and affluent rural areas. Casualty 
rates tend to be significantly higher for individuals living in deprived areas, and 
urban deprived areas tend to have significantly higher casualty rates than rural 
deprived areas. 
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Three focus groups were conducted, one in Thurso in the rural north of Scotland, one 
in Scotland's largest city, Glasgow, and one in Scotland's capital city, Edinburgh. The 
responses indicate that the issues discussed at each focus group were broadly similar, 
although each of the groups identified certain topics that were more important to 
them than the other groups. The six general themes covered in each focus group 
indicate that there is general agreement between the different geographic areas in 
terms of road safety issues, and travel patterns in Scotland in general. However, there 
are certain differences between the areas in terms of particular factors associated 
with road safety. In addition, participants identified factors associated with their local 
driving environment as being more important than general road safety issues 
affecting the whole country. 
Casualty involvement was examined based on the area characteristic provided at 
postcode sector level. There was no relevant individual-level data available in this 
investigation. Accident involvement, however, was examined in terms of both area- 
and individual-level information from the Scottish Driver Survey. Results of the 
analysis using different regression techniques, indicates that casualty involvement is 
strongly associated with area-level characteristics. Accident involvement is not. 
Accident involvement is associated with certain personal characteristics, behaviours 
and attitudes. 
While the investigation reported in this and other research has confirmed the 
existence of area effects on casualty risk, the influence of individual characteristics 
and behaviours is less certain. There is a general lack of information about the 
personal characteristics of individuals who are involved in traffic accidents, and this 
is even more of an issue when considering traffic casualties. Certain individual-level 
effects were identified in this study, and additional research is required to determine 
how generalisable these findings are. Another issue to consider is the level of change 
affecting many aspects associated with accident and casualty risk. What may have 
been a relevant finding in the past may not be applicable today. Car ownership levels 
have increased with time. Technological and engineering advances, in terms of 
vehicle design and the road network, are also evident. Travel patterns do not remain 
constant, the increased reliance of driving children to school being a particularly 
relevant example. Other studies with limited objectives and narrow scope, and those 
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conducted even relatively recently, may not be robust enough to identify factors 
associated with traffic risk in Scotland today. In this thesis a broad range of issues 
have been thoroughly examined and important findings have been made. To ensure 
that policy-makers have access to the critical information they require, this area of 
research needs to be continued. 
9.3 CONCLUSIONS 
Considering accident risk, it has been identified in this thesis that personal 
characteristics, in terms of a person's age, has a significant influence on accident risk. 
Driver behaviour in the form of annual mileage driven is also positively associated 
with accident risk. It was also found that certain attitudinal factors were associated 
with accident risk. Assum (1997) concluded that age and annual mileage seem to be 
more important to accident risk than attitudes. Therefore, the findings from this study 
appear to differ from those previously found in terms of the influence of attitudes on 
accident risk. In addition, accident risk does not appear to be significantly associated 
with area characteristics of where drivers live. 
These influences are indicated in Figure 9.3.1. While 3 of the 4 factors investigated 
are associated with accident risk, area factors and the influence of social exclusion as 
defined by personal and area characteristics, is not associated with accident risk. 
Further research is required to identify and quantify the 2-way relationships between 
behaviours and attitudes, and social exclusion. 
Considering casualty risk, both personal characteristics and area characteristics have 
been identified as being associated with casualty risk. The influence of behaviours 
and attitudes on casualty risk has yet to be fully researched. This would involve 
gathering information from traffic casualties to determine to what effect their 
behaviours and attitudes influence casualty risk. There are clearly ethical issues to 
consider with this approach. Until this information is gathered and interpreted, the 
association between social exclusion and casualty risk will remain unclear. 
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Figure 9.3.1 Model of factors associated with accident and casualty risk 
In terms of efficiently targeting resources to reduce accident and casualty risk in 
Scotland, the lack of influence of area characteristics on accident risk is important. 
As individuals from deprived areas do not appear to have a higher accident risk than 
those living elsewhere, there would be no benefit from targeting such individuals 
with remedial measures. As McLoone (2001) has argued, selective targeting of 
resources on an area basis would miss more deprived people than it would include. If 
20% of the most deprived postcode sectors in Scotland were targeted, representing 
24% of the population, then only 41% of unemployed people and 34% of low income 
households would be captured. More than 60% of the population would need to be 
targeted to include 74% of low income households. While this issue is therefore not a 
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problem in terms of accident risk, it will be important in terms of casualty risk, as 
area characteristics are significantly associated with casualty risk. 
Therefore, policies aimed at reducing accident and casualty risk should be applied 
with caution. In terms of accident risk, remedial measures should be targeted at the 
individual, not the area. Casualty risk, on the other hand, will benefit from both 
individual-level and area-level policies. Findings from the focus groups indicate that 
individuals acknowledge the need to curb car use in order to reduce the level of risk 
experienced by vulnerable road users in particular. However, without viable transport 
alternatives it is unlikely that people will voluntarily reduce car use. School journeys 
have been identified as a particular area of concern in terms of casualty risk for 
children. The increased reliance of driving children to school simply exacerbates this 
problem for this children without access to a motor vehicle. Exclusion zones around 
schools and traffic-calming measures are acknowledged as necessary requirements if 
casualty risk is to be reduced. It was also felt that we are beyond the point of being 
able to encourage people to voluntarily change their driving habits on an individual 
basis, and that responsibility for improving our road safety record can only come 
through more centralised policies aimed at establishing suitable transport alternatives 
and practical travel plans. 
9.4 FURTHER RESEARCH 
The review of the literature on child casualty risk reported in Chapter 4 identified 
gaps in the research that need to explored to provide a more complete understanding 
of contributory factors on accident and casualty risk. It is clear that there is a need for 
more work on an individual's comparative road traffic accident risk. Groups that 
could be investigated include children from lone parent families, children of certain 
ethnic backgrounds, children with perceptuo-motor deficiencies and also those 
children with restricted mobility. Linked to this should be a study of the effect of 
different family and community support infrastructures. This would require an inter- 
disciplinary approach, combining work from child psychologists, health providers, 
and statisticians. A longitudinal study of traffic accidents and traffic casualties, 
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combined with interviewing for those involved, would be the type of study 
envisaged. 
In March 2000 the UK government, the Scottish Executive and the National 
Assembly for Wales announced a new road safety strategy and casualty reduction 
targets for 2010 (Road Accidents Scotland, 2001). Compared to the 1994-98 average, 
the annual targets for 2010 are; a 40% reduction in the number of people killed or 
seriously injured in road accidents, a 50% reduction in the number of children killed 
or seriously injured, and a 10% reduction in the slight casualty rate. Given the 
implications of the work reviewed, existing research methodologies require to be 
updated to take account of changes in the environment, the economy and social 
factors to identify changes in traffic accident rates over time. Of particular interest 
would be a statistical/economic investigation on "closure trends" as targets are 
attempted. The understanding and monitoring of these trends would improve the 
management and resource allocation of projects. This research would be mainly desk 
bound analysis of the STATS 19 records, and a review of trends in socio-economic 
positioning of those at risk. 
There is also a need for further research into possible mechanisms for changing the 
attitudes of different groups of road users. Issues relating to mobility, access, and 
safety, have become clear from the review of work conducted. Unless these attitudes, 
which may be deep-rooted, are changed then the effectiveness of engineering, legal, 
and educational initiatives, will be seriously constrained. This work would be based 
on case studies and involve psychologists, sociologists, and statisticians. 
Information about travel behaviours, attitudes to road safety, and detailed socio- 
economic information, is not gathered from traffic casualties. Therefore, the 
underlying reasons for casualty involvement are still unknown, and the individual 
and area factors identified from this research may only be of limited importance. A 
comprehensive understanding of casualty risk will only be possible when detailed 
information is gathered about how and why the injury accident occurred. Information 
would be needed on the behaviours being exhibited by the casualty at the time. It is 
also important that information is gathered about their attitudes to road safety and 
other travel issues. Detailed socio-economic information is also required at the 
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individual level, together with some appropriate measure of their social 
inclusion/exclusion. 
The findings from this research have identified factors currently associated with 
accident and casualty risk in Scotland. These findings are vital if policy-makers are 
to be able to identify those individuals at greatest risk of accident or casualty 
involvement. Policies to reduce accident and casualty risk can then be effectively 
implemented. Until such policies are implemented, accident and casualty risk will 
remain unnecessarily high for certain individuals in our society, and as a society we 
will all suffer. 
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Appendix A 
SCOTTISH DRIVER SURVEY 
Research is currently being conducted by a team at Napier University, Edinburgh to identify measures 
that would improve road safety, particularly for vulnerable groups such as child pedestrians. 
The information you provide will aid in this research and make a valuable contribution to 
understanding the issues that are critical in determining accident rates. Addressing these issues will 
not only improve Scotland's road safety record, but will also benefit everyone who journeys by road, 
whether as drivers, cyclists, passengers or pedestrians. 
As part of the research a number of individuals who complete the questionnaire will be contacted 
during the summer with a view to discussing the survey findings. If you wish to be considered for 
these discussions please indicate by ticking the following box and providing your name and a contact 
telephone number. 
I wish to be considered for the follow-up discussions: 
Name: 
Telephone number: 
If you do not wish to be contacted again the responses you provide will be treated in the strictest 
confidence and your identity will remain anonymous. 
Thank you for your help in this important research. 
Driver Details 
1) Sex Male 
e 2) Age 
Female 
Q 
3) Marital Status Single 
Married 
Widowed 
Divorced 
Other (please specify) 
4) Number of children less than 16 years old 
5) Occupation 
6) Postcode 
7) Highest Educational Qualification 
Appendix A 
8) 
9) 
10) 
11) 
12) 
Year Passed Driving Test 
Approximately how many miles 
do you drive per year? 
What type of vehicle do 
you normally drive? 
Car 
Van 
Motorcycle 
Approximately what percentage 
of driving do you do on the 
following roads? 
Other (please specify) 
Urban roads 
Rural roads 
Motorways 
Total 100% 
Please indicate the reason(s) for driving your vehicle by ranking the following options 
in numerical order. Mark '1' for the most frequent use through to '8' for the least 
frequent use. If any of the options do not apply please leave them blank. 
Driving to/from work [ 
Driving as part of job [ 
Driving children to/from school [ 
Driving children to/from friends [ 
Driving children to/from play areas [ 
Shopping trips [ 
Social (visiting/evenings out/leisure etc. ) [ 
Weekend breaks / annual holidays etc. [ 
13) When driving, please indicate who your passengers are (if any) by ranking the following 
options in numerical order. Mark '1' for the most common journey through to '6' for 
the least common journey. If any of the options do not apply please leave them blank. 
On your own [] 
With work colleagues [] 
With spouse/partner only [] 
With children only [] 
With spouse/partner and children [] 
With friends/other relatives [] 
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Appendix A 
17) Please indicate your level of agreement with 
the following statements related to driving 
(please tick the appropriate box) 
The speed limit in urban areas should be reduced to 20mph 
Pedestrians and cyclists need greater protection on the roads 
I would not take the car on a journey of less than 1 mile 
Traffic should be encouraged to flow freely in urban areas 
I drive at a safe speed regardless of what the speed limit is 
The roads where I live are safe for children and the elderly 
Traffic calming measures are unnecessary 
People should be encouraged to leave their cars at home 
Most drivers are selfish 
I sometimes make unnecessary journeys by car 
There should be no maximum speed limit on motorways 
I walk, cycle or use public transport when I can 
Most of my driving journeys are for the benefit of someone else 
Road safety is a concern to me 
Disregarding the speed limit increases the risk of an accident 
18) Please indicate the 
distance to - 
19) 
20) 
21) 
22) 
12345 
Between Between 
Less than 1/2 and I and More than 
1/2 mile 1 mile 2 miles 2 miles 
your place of work [][] [][] 
nearest primary school [][] [][] 
nearest children's playground [][] [][] 
nearest swimming pool/sports centre [][] [][] 
nearest supermarket/shopping centre [][] [][] 
Can you normally park your vehicle Yes 
e 
directly outside your house? No 
Type of house Detached 
Semi-Detached 
Terraced 
Flat 
Other (please specify) 
Number of bedrooms 
II 
Thank you for taking the time to complete this questionnaire. 
Please remember to provide your details on the front page 
if you wish to be considered for the follow-up discussions. 
Total number of occupants 
Strongly Strongly 
Disagree Agree 
Appendix B1 
15th May 2000 
Dear 
The Scottish Driver Survey 2000 
A team of researchers at Napier University, Edinburgh is currently investigating the factors affecting 
road traffic accidents in Scotland. Of particular interest are the effects of poverty and social exclusion 
on casualty rates and the team have recently published a review on behalf of the Scottish Executive 
entitled "Road Accidents and Children Living in Disadvantaged Areas". 
Further research is urgently required to determine the effect of geographic factors on traffic accident 
and casualty rates. An extensive survey is taking place in Scotland this summer with considerable 
focus being placed on those individuals living in rural areas. People living in rural areas are often 
neglected from important research such as this and it is believed that this is the first study of its kind to 
specifically target people living outside the major urban areas of Scotland. 
As part of this research a questionnaire is being targeted at drivers either living in rural areas or who 
spend time driving in rural areas. It would greatly benefit this research if these questionnaires could be 
made available to vehicle drivers using ferry journeys operated by Caledonian MacBrayne. 
In the first instance it would be of great help if the questionnaires could be made available in lounge 
areas, at information points etc. on the larger ferries. Secondly, the researchers wish to target drivers 
on shorter ferry journeys who ordinarily remain in their vehicles. It is anticipated that questionnaires 
would be handed out to drivers once on the ferry and collected again before the journey was 
completed in order not to disrupt the crossing or the responsibilities of the crew. 
I would be grateful if you could indicate whether you are able to assist in this matter, in which case a 
member of the research team will meet with you. I will telephone you to discuss this proposal next 
week. 
Yours sincerely 
David White 
Research Associate 
Appendix B2 
6th April 2000 
Dear 
A team at Napier University, Edinburgh is currently conducting research into the link between socio- 
economic deprivation and road traffic accidents. To further this work we need to distribute a 
questionnaire to Scottish drivers, a copy of which is enclosed. 
It would be of great help if this could be distributed in the reception area of some of your service 
centres. While information from customers using all of sites in Scotland would be of great 
value, a sample would be sufficient to provide a considerable amount of valuable information. 
The sites identified as providing the most information for this research are Glasgow, Edinburgh, 
Aberdeen, Dundee, Perth, Stirling, Inverness, Oban, Dumfries and Galashiels. 
As well as the questionnaires we would also provide an information leaflet, an example of which is 
also enclosed, and anticipate that the questionnaires will be made available to the public from the end 
of May for approximately 4 weeks. 
The information provided by this survey will be of considerable importance to the whole research 
programme and your assistance in this matter is greatly appreciated. 
In the meantime, perhaps it would be beneficial to meet first to discuss this proposal and to this end I 
will contact you again in the near future. 
Yours sincerely 
Dr. Robert Raeside 
(Head of School of Mathematical & Physical Sciences) 
Appendix B2 
Scottish Driver Survey Information 
Background 
The total number of casualties on Scotland's roads in 1998 was 22,457. Of these, 
18,006 people were slightly injured, 4,066 people were seriously injured and 385 
people died. 
¢ 62% of all casualties were car users and 18% of all casualties were pedestrians. ¢ Of the 13,828 car user casualties 2,163 were seriously injured and 223 people 
died. 
Of the 4,077 pedestrian casualties 1,058 were seriously injured and 96 people 
died. 
43% of all pedestrian casualties were children. Of the 1,763 child pedestrian 
casualties 437 were seriously injured and 18 children died. 
The Price of Poverty 
An article in New Scientist of 8th November 1997 reported on research conducted 
by a team from Napier University, Edinburgh. The team of Ibrahim Abdalla, 
Robert Raeside and Derek Barker found that young children from the most 
deprived areas of Lothian Region were almost 8 times as likely to be knocked over 
as children living in the most affluent areas. 
Pedestrian Casualty Rate 
60 
Mo 50 
RR 
40 ------------------------------------ 
a 30 --- - ------ -  
Poorest 15°6 
ön Richest 15% 
20 yö 
10 
Q 
0 
Ilk 
L 
0-4 5-11 12-16 17-24 25-59 >60 
Age 
Comparisons with England and Wales 
i While Scotland's casualty rate for all road users is lower than for England & 
Wales for all severities it is 20% higher for fatalities. i The driver casualty rate is also lower than for England & Wales for all severities 
but 56% higher for fatalities. 
i The child pedestrian casualty rate for Scotland is 15% higher than for England 
& Wales for all severities and over 100% higher for fatalities. 
Please assist current research by completing the 'Scottish Driver Survey'. 
Information you provide could help improve Scotland's road safety record. 
Appendix B3 
30th May 2000 
Dear 
Scottish Driver Survey 
Thank you for agreeing to help us with research being conducted into the effects of social exclusion 
on traffic accident rates. By making the questionnaire (example enclosed) available through 
Tyre & Exhaust Centres in Scotland we are hopeful of gathering valuable information. 
I would be grateful if you would indicate how you wish the questionnaires to be distributed. I enclose 
a list of the sites in Scotland (approximately 60) which we were thinking of contacting. It is intended 
that a batch of around 40 questionnaires be sent from Napier to each of the centres which will then be 
made available to the public. The questionnaires would be left to be filled up at centres and collected 
and sent back to us by 24th of June. If this is not suitable then give me a ring. 
Thank you once again for your assistance and I look forward to hearing from you. 
Yours sincerely 
Dr. Robert Raeside 
Head of School of Mathematical & Physical Sciences 
Appendix B4 
Scottish Driver Survey 
Thank you for helping this research. Your assistance in administering the enclosed questionnaires will 
be of great help to the research being conducted at Napier University into factors affecting traffic 
accidents in Scotland. 
For the survey to work can you undertake the following steps: 
1 Make the enclosed questionnaires available for customers to fill in while they are waiting for 
work to be done. All completed questionnaires are to be left at your centre for return to Napier 
University. 
2 Once all questionnaires are completed, please return them in the pre-paid envelope. In any event 
please return completed and unused questionnaires by the end of June. 
3 If you have any queries regarding the administration process please contact 
David White e-mail: d. white@napier. ac. uk 
Phone: 0131455-2606 
4 Can you please enclose a compliment slip, letter, receipt etc. with the address of the centre from 
which the questionnaires are being returned. This is because one of the factors being investigated 
is the distance drivers travel to various locations. 
Thank you once again for your help 
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LOCATION OF TYRE AND EXHAUST CENTRES 
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PLACE OF RESIDENCE OF SCOTTISH-RESIDENT RESPONDENTS 
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Appendix D 
REASONS FOR NON-RESPONSE (TYRE AND EXHAUST CENTRES) 
Number of Number of 
Centres Questionnaires 
Questionnaires sent 70 2,340 
Returned 
Not-Returned 
Did not arrive at centre 
Returned from centre but not 
received 
No questionnaires filled in 
Centre could not be 
contacted by telephone 
Centre did not return 
telephone call 
16 (23%) 
54 (77%) 
25 (36%) 
11(16%) 
4(6%) 
6(9%) 
8(11%) 
129 (5.5%) 
2,211 (94.5%) 
Appendix E 
SURVEY RESPONSE RATES 
Places 
Delivered 
Questionnaires 
Delivered 
Number of 
Returns 
Response 
Rate 
Tyre & Exhaust Centres 70 2,340 129 5.5% 
North Scotland & Orkney 58 1,185 274 23.1% 
(26/06/00 - 30/06/00) 
West Scotland & Western Isles 76 1,082 228 21.1% 
(12/07/00 - 19/07/00) 
South West Scotland 14 130 40 30.1% 
(04/08/00) 
South East Scotland 15 155 44 28.4% 
(05/08/00) 
North East Scotland 16 160 29 15.4% 
(06/08/00) 
Edinburgh 15 143 19 13.3% 
(07/08/00) 
Forth Valley 17 170 42 24.7% 
(08/08/00) 
Lanarkshire 9 93 16 17.2% 
(11/08/00) 
Glasgow and Inverclyde 18 180 28 15.6% 
(14/08/00) 
Other 4 212 43 20.3% 
Caledonian MacBrayne Ferry 
Terminals 
Kennacraig (17/07/00) 
Islay (07: 15) 4 0 0.0% 
Islay (12: 50) 39 14 35.9% 
Islay (18: 00) 14 6 42.9% 
Oban (29/07/00) 
ColliTiree (06: 30) 66 20 30.3% 
Mull (08: 30) 28 7 25.0% 
Mull (10: 30) 20 9 45.0% 
Mull (12: 30) 27 18 66.7% 
Barra/South Uist (14: 50) 57 30 52.6% 
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RESPONDENT CHARACTERISTICS 
Respondents Percent 
Sex 
Male 615 61.7 
Female 382 38.3 
Age 
17 - 19 32 3.2 
20 - 29 110 11.1 
30 - 39 281 28.5 
40 - 49 239 24.2 
50 - 59 213 21.6 
60+ 112 11.3 
Marital Status 
Single 206 20.7 
Married 666 66.9 
Widowed 32 3.2 
Divorced 62 6.2 
Cohabiting 22 2.2 
Separated 8 0.8 
Children < 16 Years Old 
0 619 62.1 
1 148 14.8 
2 168 16.9 
3 46 4.6 
4 10 1.0 
5 4 0.4 
6 1 0.1 
7 1 0.1 
Highest Educational 
Qualification 
None 184 18.8 
School (4d/ 51' Year) 142 14.5 
School (5t' / 6`h Year) 125 12.8 
Further Education 153 15.6 
Degree 204 20.8 
Postgraduate Degree 28 2.9 
PhD. 34 3.5 
Trade Qualification 21 2.1 
Professional Qualification 88 9.0 
Type of House 
Detached 498 50.7 
Semi-Detached 256 26.0 
Terraced 120 12.2 
Flat 109 11.1 
Appendix G 
Dear 
Scottish Driver Survey 
Following our telephone conversation last week, I am writing to thank you for 
agreeing to attend a discussion meeting on road safety issues. 
At this meeting I will present initial findings from the Scottish Driver Survey, which 
will be followed by a general discussion on some of the issues raised. This will 
involve approximately 8-10 people living in the 
_ 
area. 
The meeting will take place on _ 
at 
_, 
(directions enclosed). Travelling expenses 
and a small participation fee will be paid and refreshments will be provided. 
It is expected that the meeting will finish by 9pm and I ask you to arrive at 
_ between 7: 15pm and 7: 30pm. I look forward to meeting you then. 
In the meantime if you wish to contact me before _ 
then please write to me at 
Napier University and the address below, or alternatively telephone 0131 455 2606 
or e-mail d. white@napier. ac. uk 
Yours sincerely, 
David White 
Research Associate 
Appendix H 
Were any questions omitted from the questionnaire that should have been included 
particularly with regard to road safety in 
_? 
1) Local environment 
Tell us about driving locally; how do you think local driving patterns affect 
accident rates? 
When it comes to roads, traffic and transportation in general what differences 
are there between 
_ and 
the rest of Scotland? 
How do you think this affects people who drive in 
_? 
How do you think this affects their attitude to risk? 
Do you think that people coming to 
_ 
need to be made aware of the 
transport environment? 
Do you think this happens to any degree? 
Who particularly might benefit from more information or training on the road 
network in ? 
2) Road user behaviour / Attitudes to risk 
Has road safety grown as an issue in 
_ 
in recent years? 
In your experience does driving in 
_ 
differ from driving in other parts of 
Scotland? 
In your opinion how does the safety of roads in 
_ 
compare with other parts 
of Scotland? 
Do you think you take more or less risk when driving in _ compared 
to 
other parts of Scotland? 
How do you think other members of your family behave as drivers and 
pedestrians when in other parts of Scotland compared to _? 
Who do you think causes accidents in _ and why? 
Who do you think causes accidents in Scotland generally and why? 
Appendix H 
3) Social Exclusion 
"Social exclusion is a shorthand term for what can happen when people or 
areas suffer from a combination of linked problems such as unemployment, 
poor skills, low incomes, poor housing, high crime environments, bad 
health and family breakdown" (Social Exclusion Unit) 
"There is strong evidence that people affected by social exclusion are more 
likely to become traffic casualties than those who are not so socially 
disadvantaged" (David White) 
What evidence is there of Social Exclusion in ? 
With regard to mobility, road safety etc. how might this impact on people 
living in 
_? 
Is there evidence of this? 
Do you think there are particular social or family groups that face specific 
road safety problems in _? 
(Follow up with single parent families) 
How do you think single-parent families fare in the rest of Scotland? 
Do you think there are better family and social support networks in 
_ compared to the rest of Scotland? 
What examples are there that in general children are looked after differently 
than those in the rest of Scotland? 
4) Children 
What particular risks do children face on the roads in _? 
- on their way to/from school 
- travelling to other activities 
- as they get older 
- separately as pedestrians and cyclists 
Is there sufficient road safety training for children by schools and other 
groups? 
How do parents educate children? 
Is the onus on teaching children or should more effort be aimed at educating 
drivers and other road users? 
How does the curtailment of activities due to traffic affect children's 
development? 
Appendix H 
5) Safety Measures 
Are there specific measures that might improve road safety in the area? 
for drivers 
for pedestrians 
for children 
Are these measures best implemented by the community or by more official 
bodies? 
Should traffic be controlled more in the area and what are the consequences 
of this happening? 
6) General Issues 
How have the above issues changed over time? 
since your children were born 
since you yourself were a child 
What advice can you give to the researchers on measures that would improve 
road safety in _? 
What advice can you give to the researchers on measures that would improve 
road safety in Scotland? 
Appendix I 
Name 
Please indicate your level of agreement with 
the following statements related to driving 
(please tick the appropriate box) 
The speed limit in urban areas should be reduced to 20mph 
Pedestrians and cyclists need greater protection on the roads 
I would not take the car on a journey of less than 1 mile 
Traffic should be encouraged to flow freely in urban areas 
I drive at a safe speed regardless of what the speed limit is 
The roads where I live are safe for children and the elderly 
Traffic calming measures are unnecessary 
People should be encouraged to leave their cars at home 
Most drivers are selfish 
I sometimes make unnecessary journeys by car 
There should be no maximum speed limit on motorways 
I walk, cycle or use public transport when I can 
Most of my driving journeys are for the benefit of someone else 
Road safety is a concern to me 
Disregarding the speed limit increases the risk of an accident 
Strongly Strongly 
Disagree Agree 
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